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Contributions to Economic Geqlogy, 1916. 



Pabt II. MINERAL FUELS. 



David White, M. R. Campbell, and G. H. A^-hley, 

GeologiHfs in ch-arge. 



INTRODUCTION. 

The Survey's " Contributions to economic geology " have been pub- 
lished annually since 1902. In 1906 the increase in the number of 
papers coming under this classification made it necessary to divide 
the contributions into two parts, one including papers on metals 
and nonmetals except fuels and the other including papers on mineral 
fuels. In 1915 the year included in the title was changed from the 
year in which the field work reported in these papers was done to 
the year of publication, and in consequence there was no volume 
entitled " Contributions to economic geology, 1914." The subjoined 
table gives a summary of these bulletins. 

Vnited SfateH Oeological Surrey " Cantrihutions to economic geology.** 



Pate In title. 



1902 

19QB 

1904 

1905 

1906, Part I. 
Part II 

1907, Parti. 
Part II 

1806, Parti. 

Partn 
1900, Part I. 

Partn 



Date of 
piibli- 


Bulletin 
No. 


catloo.o 
1903 


213 


1904 


225 


1905 


260 


1906 


285 


1907 


315 


1907 


316 


1908 


340 


1909 


341 


1909 


380 


1910 


381 


1910 


430 


1911 


431 



Date in title. 



iriO, Partl. 
Part II 

1911, Part I. 
Partn 

1912, Parti. 
Part II 

1913, Parti. 
Part II 

1915, Parti. 
Partn 

1916, Part I . 
Part II 



Date of 

publl- 

cati(Hi.<> 



1911 
1912 
1913 
1913 
1914 
1914 
1915 
1915 
1916 
1916 
1917 
1917 



Bulletin 
No. 



470 
471 
530 
531 
540 
541 
580 
.581 
620 
621 
640 
641 



a The date given is that of the complete volume: beginning with Bulletin 285 the papers have been 
iasued as advance chapters as soon as they were ready. 

As the subtitle indicates, the papers included in these volumes, are 
of two classes — (1) short papers giving comparatively detailed de- 
acriptions of occurrences that have economic interest but are not of 
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sufficient importance to warrant a more extended description; (2) 
prelfminary reports on economic investigations the results of which 
are to be published later in more detailed form. These papers are 
such only as have a direct economic, bearing, all topics of purely 
scientific interest being excluded. . ' '•. ' ' 

Brief abstracts ^f the public^ion^ of the year are given in the 
annual report of the Director. .Tjie* complete list of Survey publica- 
tions affords, by means ol'fipcJmg lists of subjects and of authors, 
further aid in ascertaiijiig* the extent of the Survey's work in 
economic geology. 

The reports on Wort in Alaska have been printed in a separate 
series since 1904 J'«the* volumes so far issued being Bulletins 259, 284, 
314, 345, 37»/.kS, 480, 520, 542, 592, 622, and 642. 
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OZOKERITE IN CENTRAL UTAH. 



By Heath M. Robinson. 



INTRODUCTION, 

The American needs for ozokerite (a substance commonly known 
as mineral wax) have been largely met in the past by imports from 
the Galician mines in Austria, but recently interest in the domestic 
supply of this material has been stimulated. In order to obtain 
information regarding the supply of ozokerite in Utah, where the 
principal deposits in this country are situated, the writer spent about 
a week in September, 1914, in an examination of the best-known 
localities in the central part of the State. The work was materially 
aided by the ready assistance of those Uving in the neighborhood, 
but more particularly of the officials of the American Ozokerite Co., 
who kindly furnished maps and other data. 

THE OZOKERITE FIELD. 

The largest district in the United States in which ozokerite has been 
mined and prospected is an area in central Utah a little more than 
12 miles long and from 1 to 4 miles wide. The index map on 
Plate I (p. 16) shows the location of this field. It includes parts of 
T. 10 S., Rs. 7 and 8 E., and T. 11 S., Rs. 8 and 9 E., Salt Lake base 
and meridian, in Utah and Wasatch coimties. 

The main line of the Denver & Rio Grande Railroad borders the 
ozokerite field on the southwest, and as this field is only from 1 to 4 
miles wide, all the mines and prospects are within short distances of 
railroad facilities. Wagon roads have been built from many of the 
mines and prospects to shipping points on the railroad. As the 
mines have not been continuously worked many of these roads have 
been little used and were found to be in poor condition at the time 
the field was examined. 

Colton, the largest town in the ozokerite area, Soldier Summit, and 
Gilluly are on the main line of the Denver & Rio Grande Railroad. 
Soldier Summit is on the crest of the Wasatch Plateau. West of 
the summit the drainage goes into Soldier Fork, whose waters flow 
into the valley of Utah Lake; east of the divide the wwter*:*. ew\^t,^ 
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into Price River, the principal stream in the area, which is part of 
the Colorado River drainage system. Price River heads in the 
mountains north and east of Soldier Smnmit and flows in a south- 
easterly direction past the town of Colton and thence beyond the 
limits of the field. The altitude of Colton is 7,188 feet, of Soldier 
Summit 7,440 feet, and portions of the field attain an altitude of 
8,000 feet, the maximum relief being therefore more than 800 feet. 
The ozokerite area is bounded on the northeast by the Roan CUffs, 
which extend eastward well into Colorado and have in many local- 
ities outside of this field a relief between 2,000 and 3,000 feet. The 
country north of these cUflFs is plateau-like and slopes gently toward 
the north. The topography southwest of the ozokerite field is largely 
influenced by the geologic 'structure, which produces long, gradual 
dip slopes. Price River in this area flows on soft shale for the most 
part and consequently has a relatively broad valley. 

HISTORY OF DISCOVERY AND DEVELOPMENT, 

The first prospecting in this field is said to have been done about 
1886 in the vicinity of the old railway station at Media, 3 miles west 
of Soldier Summit. However, as early as 1879 samples of ozokerite 
or allied substances which came from Utah were analyzed, and at 
that time there was much discussion concerning their chemical 
properties.^ In 1885 Clayton * discussed the Utah ozokerite deposits 
and also mentioned the associated bituminous shale. Gosling,' in a 
pubUcation dated 1895, treated of the properties of ozokerite and of 
its occurrences and gave a good bibliography of the subject up to the 
date of his paper. Eldridge* in 1901 mentioned ozokerite as a tliin 
vein crossing the stratification and in small pockets lying wilh the 
bedding. The most detailed report that has been published on Utah 
ozokerite is that of Taff and Smith,*^ which gives a concise description 
of the field near Soldier Summit and Colton, with descriptions of 
three samples from different localities and of the development of the 
field at the time of their examination. 

GEOLOGY. 

STBATIGBAPHY. 

General features, — The rocks of this field have a total thickness of 
about 4,000 feet and were deposited as nonmarine sediments in early 
Tertiary (Eocene) time. The lower 1,000 feet of beds exposed, as 

» Newbeiry, J. S., Mineral wax: Eng. and Min. Jour., vol. 27, p. 71, 1879. WurU, Henry, The I^tah 
mineral wax: Idem, pp. 108, 109. Newberry, S. B., Utah mineral wax: Idem, p. 199. 
> Clayton, J. £., Oiokerite or mineral wax: Eng. and Min. Jour., vol. 39, pp. 1G8, 1G9, 1885. 

* Gasling, E. B., A treatise on ozokerite: School of Mines Quart., vol. 10, pp. 41-68, 1895. 

* KIdridge, O. II., The asphalt and bituminous rock deposits of the United States: U. S. Geol. Survey 
Vwenty-second Ann. Rept., pt. 1, p. 3«1, 1900-1901. 

* 2'a/r, J, A., and Smith, C. D., Ozokerite deposits In Utah: U . ft. G^oV.Surv^v BviVV.28&,pp. 3e9-3?2, 1905. 
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outlined on Plate I, are known to contain ozokerite, and the remain- 
ing 3,000 feet, exposed to the northeast, contain bituminous or oil 
shale interbedded with other rocks. On the basis of this distinction 
two stratigraphic imits may be recggnized, and on lithologic resem- 
blances to fonnations in other areas tentative correlations may be 
made. The lower beds, which do not contain oil shale, are of 
Wasatch age, and the upper or younger strata, which contain oil shale, 
are of Green River age. 

Three small fossil collections, from pomts indicated by Fl, F2, and 
F3 on Plate I, have been examined by W. H. Dall, who identified 
the following species : 

OoUection No. Fl, NW. J sec. 14, T. 11 R., R. 8 E.: 

Physa pleuromatis White. 

Gonlobaais nodulifera Meek. 

Planorbis sp. of. P. parvus Say. 

Unio like U. shoshonensis \^Tiite. 

Fra^^ments of Anodonta sp. 
OoUection No. F2, NE. J sec. 21, T. 10 S., R. 7 E.: 

Vivipara of. V. wyomingensis WTiite. 

Goniobasis nodulifera Meek. 

Unio sp., fragments. 
CoUection No. F3, SE. J sec. 24, T. 10 S., R. 7 E.: 

Vivipara wyomingensis? White. 

Planorbis sp. near P. tuneus Carpenter. 

Physa pleiiromatis? White. 

Goniobasis nodulifera Meek. 

Fragments of Unio sp. and AnodontA sp. 

From these data Mr. Dall concludes that the age of the beds is 
Eocene. 

W(i8atch foriTiaiion. — ^The principal ozokerite mines and prospects 
have been opened in the Wasatch formation and arc scattered irregu- 
larly through a stratigraphic distance of 600 to 700 feet. The base 
of the formation is not exposed in the ozokerite field, but the part 
that crops out is about 1,000 feet thick. The rocks consist of shale, 
sandstone, and limestone. The shale is tinted purple, green, and 
red in different beds, and all gradations exist between sandy sliale 
and sandstone. The sandstone is brown and sho\^^ lenticular bed- 
ding. The limestone beds are thin and are sparsely distributed 
through the section. * 

The major portion of the formation Ls made up of sandy shale and 
sandstone, which occur in alternate beds 1 to 10 feet in tliickness. 
Inasmuch as the extent and character of the fissures in sedimentary 
rocks depend more or less on the kind of rock, the alternation of 
sandstone with shale beds has caused an irregular distribution of 
ozokerite, which fills many of the fissures. 

Green liiver forrrtution. — The lowest beds of the Green River for- 
mation border the northeast side of the ozokenle YvvA^, wcvOi \X\e \<^x- 
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mation is extensively developed in the area north of that outlined 
on Plate I. This formation consists of shale and sandstone inter- 
bedded with a small amount of limestone and has a thickness of 
about 3,000 feet. Much of the stale is bituminous and yields oil on 
destructive distillation. The formation as a unit is gray on weathered 
out<'rops, and it is more evenly bedded and persistent than the undor- 
. lying Wasatch formation. 

STBTJCTT7BE. 

The rocks in the ozokerite field dip l°-25® N., forming a portion of 
the south limb of the great Uinta Basin syncline. The symbols on 
the map (PI. I) show the strike and dip of the beds at a number of 
places in the field. The rocks are broken by a system of joints and 
small faults, and zones of brecciated or crushed rock are common. 
Most of the joint planes are vertical or nearly so, and the most com- 
mon direction for the principal system of fissures is N. 10° W. There 
is a minor system of fissures at angles of 60°-90° with the major 
system. Although small faults are common, no fault with a vertical 
displacement in exc-ess of 10 feet was found in the examination of 
the surface and underground exposures. The fault planes dip at 
an angle of 45°, and slickensided surfaces are common. The fracture 
planes and zones are important, inasmuch as the ozokerite fills the 
cavities which have resulted from the fracturing. 

OZOKERITE. 

COMPOSITION AND PBOPEBTEBS. 

Ozokerite is the principal mineral resource of this immediate locality. 
It is a mixture of hydrocarbons ^ in various proportions, the exact 
nature of which is a subject of dispute. Some authors consider that 
it is composed of members of the paraffin series; others place its chief 
constituents in the olefin series. In commenting on certain experi- 
ments, Redwood - savs: **The natural inference is that in addition to 
crvstalline paraffin ozokerite contains certain colloidal substances 
(amorphous paraffin), the presence of which hinders the crystalliza- 
tion of the paraffin.** In color ozokerite varies from black or dark 
brown to light yellow, but some specimens have a greenish color. 
It may be as soft as tallow or as hard as g\T)sum. The light-colored 
varieties yield the largest amounts of ceresin, the refined product. 
The melting point of ozokerite ranges, in general, from 58° to about 
80° C, but a very few specimens have been reported to have a melt- 
ing point of 100° C. Although paraffin with a melting point as high 

» RcdwoiMl, Boverton^and Holloway, (•. T., Vetroleura, vol. 1. pp. 217 and 21S. lS9i». 
^Rfdu-ood, Biix'erloD, The OiUiciim petroleum and oxokerite industries: Soc. Chem. Indnstn- Jour., 
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as that of ozokerite may be extracted from petroleum, it is not a 
commercial product, and the paraffin that is put on the market has 
a melting point considerably lower. The specific gravity ranges 
from about 0.85 to 0.97.^ Ozokerite is soluble in ether, pctroleima, 
benzine, turpentine, and carbon bisulphide. 

TESTS. 

The writer is indebted to Dr. David T. Day an4 others, of the 
Bureau of Mines, for the following data on tests of six samples of 
Utah ozokerite from localities Nos. 1, 3, 6, 10, 15, and 16. (See 
PI. I, p. 16.) 

Specific gravity arul melting fwint of Utah ozol'critc. 





Sample No. 


Specific 
gravity. 


Melting 
point 

rc). 


I Sample No. 


Specific 
gravity. 


Melting 
point 

rc). 


1 




1.300+ 
.905 
.905 


60 
63 
66 


10... 




0.K99 
.915 
.920 


62 


3 


.. .V. ..... .......... 




15 


60 


6 


16 


79 









The melting point of each sample %was determined by placing a 
minute fragment of ozokerite in a capillary tube strapped to a 
thermometer and heating the apparatus in a water bath until the 
fragment melted, then noting the temperature. This is a tedious 
method but the only one that gives accurate results. 

Solubility of Utah ozokerite. 



Sample No. 



1. 

3. 

6. 
10. 
15. 
16. 



In ether 

(per 

cent). 



17. 
46. 



38.8 

27.9 

2.1 



In benzol. 



Completes. 
Complete c. 



Complete.. 
Complete a. 



In oil of tur- 
pentine. 



Complete. 

'.'.['.'.do'.'.'. 

do... 

do... 

do... 



In petroleum. 



Complete. 

!!;!!do!!! 

do... 

do... 

do... 



In ethyl 
alcohol. 



(ft) 

(ft) 
(ftj 



a A little residue of limestone after bensol extraction. 

b C^eresin soluble in hot alcohol; asphalt insoluble. 

e A little residue of organic matter after benzol extraction. 

The solubility tests given in the above table were made by shaking 
fine shavings of each sample with each solvent, then heating the 
mixture. Generally, much time was necessary for the solution of 
any considerable quantity of ceresin by any of the solvents when 
cold, but heating greatly increased the capacity of the solvent. 
As will be seen by the table, ozokerite is completely soluble in three 
of the five solvents used. 

Ceresin is easily soluble in boiling ether, and the associated asphal- 
tic material is only slightly soluble, a fact ^\Ac\v TCVidi^x^ ^<5^i^c\^ 



OosUng, E. B., A UmUae oa ocokerlto: School of Mines u^iait., vo\. \<6, v- A\,\W^« 
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the partial separation of ceresin from asphalt. A weighed portion 
of each sample of ozokerite was placed in a Soxhlets extraction appa- 
ratus, and ceresin was extracted with boiling ether so long as the 
other ran through without any appreciable discoloration. The solu- 
tion was then evaporated and the residue weighed as ceresin. The 
ceresin was considerably discolored, it being impossible with ether 
to prevent the solution of slight amounts of asphalt. 

The solubility tests suggested a possible method for the separation 
of ceresin from asphalt by a boiling solution of alcohol, based on the 
fact that ceresin is soluble and asphalt is insoluble in alcohol. A 
20-gram sample of ozokerite (sample No. 6) was boiled with 300 
cubic centimeters of strong ethyl alcohol (between 98 and 100 ptT 
cent pure), which dissolved a large percentage of the ceresin in the 
sample. After the solution was poured from the undissolved asphal- 
tic residue and the liquid allowed to cool, most of the ceresin which 
it contained crystallized out white and clean, with no trace of asphalt. 
The alcohol solution was then cooled down to — 15° C, when a fur- 
ther amount of ceresin crystallized out, leaving a small amount of 
the oil originally present in the asphalt. By reboiling the asphaltic 
residue with the same alcohol^nd repeating this process several times 
it was possible to dissolve all the ceresin, making a complete separa- 
tion of ceresin from asphalt. The treatment yielded 3.6 grams of 
oil, 8.5 grams of asphalt, and 7.9 grams (39.5 per cent) of ceresin. 
It is believed that by the use of a cheap though strong denatured 
alcohol this method of separation can be made commercially ])r}ic- 
ticable. There need be very little distillation of the alcohol, it being 
necessary simply to boil the rock containing the ozokerite with 
alcohol, which may then be drawn off and allowed to cool, the ceresin 
will crystallize out, leaving the same alcohol suitable for repeated 
extractions. Finally a leaching form of this process would give 
ceresin in a pure and satisfactory condition. 

It was thought that the last ceresin to go into solution would have 
a higher melting point than the portion going into solution earlier. 
In order to determine this matter 15 successive extractions wore 
made from the ozokerite, and the melting points were determined 
for most of these extracts, as shown below: 

Melting paint of ceresin extracted from Utah ozokerite. 



•C. 

Extracts I, 2, and 3 50-56 

Extracts 4 and 5 66 

Extracts 6, 7, and 8 65 

Extract 9 68 



•r« 



Extract 10 66 

Extracts 11 and 12 68 

Extract 14 70 



These figures show in a general way what was expected, namely, 

^/mt the melting point of ceresin increases as the relative solubility 

becomes less. The increase is not consiaiil, Wl XXie rci^iVXAw^ ^oint 
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ranges from 50*^ C. in the most soluble to 70° C. in the least soluble 
portion of the ceresin. The first extracts, melting at 50*^ to 56°, 
were probably contaminated by oil, but there was not sufficient 
difference in the extracts of any other group to justify assuming the 
presence of other hydrocarbons. These results indicate that it is 
possible, by treatment with alcohol, to separate distinctly different 
grades of ceresin from a single lot of ozokerite. 

The separation of asphalt from ceresin by sulphuric acid is a very 
tedious operation, on account of the persistent emulsions formed by 
the sulphuric acid and the ozokerite. A sample of crude ozokerite 
(sample No. 10) in the form of shavings was boiled with especially 
refined gasoline, varying in boiling point from 65° to 95° 0. Gavsolinc 
was used in large excess, 300 cubic centimeters to 5 grams of ozoke- 
rite. The solution of gasoline containing ozokerite after cooling was 
treated with strong sulphuric acid (specific gravity 1.84), and after 
repeated agitations with the acid the gasoline solution was treated 
with a water wash. After washing several days at a time to break 
up the emulsion and remove the exc^ess of acid, a final treatment 
with sulphuric acid reduced the ceresin content of the gasoline solu- 
tion to 21 per cent, or in other words 21 per cent of the gasoUne 
solution of ozokerite was ceresin. 

A second and similar test with sulphuric acid was made of the 
residuum remaining after the distillation of the crude ozokerite 
(sample No. 10). The test was carried out in precisely the same 
manner as the one described above, and the ceresin content of the 
gasoline solution was reduced to 19 per oent. 

It is the practice in Galicia and elsewhere to treat either molten 
ozokerite or ozokerite in a hot solution of gasoline or benzol with 
strong sulphuric acid or with fuming sulphuric acid for the purpose 
of extracting asphaltimi, which is attacked by the acid. The ceresin 
is left in solution and is afterward separated by evaporation of the 
solvent. It appears from the experiments reported above that the 
separation of asphalt from ceresin by alcohol gives more satisfactory 
results. 

Fractional distillation of Utah ozokerite. 





Sample No.a 


Began to 
boil CO. 


Ceresin distilled over (cubic centimoters). 


Kesiduum 




75»-150' C. 


150'-300*C. 


300'-350'C. 


Total. 


(grams). 


8 


80 
75 
83 


2 

1 
.5 


10 
9 

7 


33 
30 
22 


45 
40 
29.5 


14.9 


10 


9.5 


15 


24.7 







a Each sample weighed 50 grams . 

The same methods were used in the distillation of ozokerite as 
those in vogue for the distillation of crude pelroVewTCv* Tsv^. \<^\iN^>^ 
of these testa indicate that the greater part oi t\ie ceiTei^u\ ^^a\SSSa» q.n<^\ 
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without any appreciable decomposition at moderate temperatures, 
but decomposition of the portion distilled at temperatures above 
350° is evident. The ceresin crystallizes out, taking the form com- 
mon to the parafBn of commerce, but has a higher melting point. 

FOBM AND CONTEirf OF DEPOSITS. 

The ozokerite of central Utah is foimd in fissures and brecciated 
zones caused by the fracturing of the rocks. This fracturing has 
produced joints and small faults, most of which arc nearly vertical. 
Tlie principal fissures trend about N. 10° W. and con tarn the largest 
deposits of ozokerite in the field. Brecciated zones are also common, 
and in these the ozokerite incloses angular fragments of country rock. 
The included rock fragments show little or no impregnation by the 
ozokerite and apparently have suffered very little movement. The 
ozokerite and the walls of the fissures commonly show shckensided 
surfaces. In the writer's examination of the deposits he observed 
veins of ozokerite from mere films to 6 or 8 inches in tliickncss, and 
according to Taff and Smith ^ veins nearly 3 feet tliick have been 
found in the mines. The deposits are irregular in size, as stated by 
Taff and Smith r^ ^'The extent, either in thickness or length, of the 
occurrence of ozokerite * * * can not bo relied on far beyond 
the limit of prospected groimd. Both the width of the fissure or 
fractured zone and the occurrence of ozokerite are foimd to be 
variable.' ' 

The fissures were undoubtedly produced by movement in the rocks 
prior to the deposition of the ozokerite, but the shckensided condi- 
tion of some of the ozokerite indicates that movement has taken 
place since the fissures were filled. 

The lenticular nature of the bedding and the alternation of beds of 
sandstone and shale have influenced the amomit of open space result- 
ing from the fracture of the rocks and have caused an irregular dis- 
tribution of the ozokerite. The fissuring of the sandstone has pro- 
duced more available open spaces than the fissuring of the day and 
shale, and consequently the largest deposits of ozokerite are found 
in fissures in sandstone. 

In addition to filling fissures, ozokerite occm's in the vicinity of 
zones of fracture as thin films along joint planes. These films imply 
that at the time of impregnation the ozokerite was fluid enough to 
penetrate very minute cracks, but the lack of impregnation of the 
country rock impUes a viscosity too great to permit the penetration 
into rocks even as porous as sandstone. 

The material removed from the mines and prospects is reported to 
contain from 1 to 7 per cent of ozokerite, but the quantity in a single 
prospect varies greatly within short distances. 

' Taff, J. A., and Smith, C. D., Ozokerite deposits In Vtah: V . i^. ^i<»\. ^\iiv«»7 Ti\j\\.7«b,'e.'MV, V*^. 
'Idem, p. 369. 
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OBiaiN. 

In this report, which is primarily economic, an exhaustive discus- 
sion of the probable origin of the ozokerite is hardly appropriate, 
but some of the considerations in regard to origin have an economic 
application. 

There appears to be a close relationship between ozokerite and 
certain kinds of petroleum. In a paper by Goshng ^ an analysis of 
ozokerite is compared with one of American petroleimi, and the com- 
parison shows that the two substances contain the same compounds 
or fractions, though in different proportions. As would natutally be 
expected, the paraffin content of the ozokerite is higher than that of 
the petroleum. In the Gahcian mines all gradations between oil 
high in paraffin and ozokerite containing some petroleum have been 
observed.* Some of. the veins of ozokerite in the Utah field have a 
width about equal to that of thick paper, a condition which impUes 
a somewhat fluid state of the material at the time of impregnation 
and suggests that the substance which first filled the fissures was a 
petroleum rich in paraffin. Thus from laboratory and field observa- 
tions all mixtures of petroleimi and ozokerite are known to exist, 
and it may be concluded that the ozokerite of the Utah field is derived 
from a petroleum high in paraffin. 

The passage from petroleum to ozokerite is thought by some geolo- 
gists to have been accomphshed by the oxidation and decomposition 
of the hydrocarbons of petroleum. However, the probability of the 
lack of oxidizing agents at considerable depths below the ground- 
water level would argue against this as a general process. On the 
other hand, it is now generally accepted that soUd hydrocarbons, 
which of course embrace paraffin, exist in many crude oils at low 
temperatures. Kast and Seidner ^ have found that the mud which 
separates out on the bottom of storage tanks containing crude petro- 
leum is made up largely of paraffin, and they suggest that 'Hhis 
amorphous paraffin closely resembles and is evidently identical with 
ozokerite." Petroleum may be regarded as a solvent holding paraffin 
in solution, and on evaporation of the solvent the ozokerite is left as 
a residue. SUght changes in temperature, such as are found with 
increasing depth below the surface, would be a factor in solution and 
deposition, but this factor probably is not so important as evapora- 
tion of the lighter and more volatile oils of the petroleum. 

The petroleum from which the ozokerite has been derived may 
have had two sources. It may have been derived from the overlying 
oil shale or it may have been forced up from lower beds. The 

> QosUng, £. B., A treatise on ozokerite: School of Mines Quart., vol. 16, p. 41, 1895. 
*Bedwood, Boverton, The Gallolan petroleum and ozokerite industries: Soc. Chem. Industry Jour., 
▼Ol. U, p. 108, 1892. N 

• Kast, H., and Seidner, S., The /ormation of solid paraflin: Soc. CYiem. IndwaXt'^ ^o\«.,nq\A\>^. v«^, 

437e8''—Bu]l. 641—17 2 
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bituminous material in the oil shale is largely made up of vegetal 
remains, and it is thought by Peckham^ that oil containing a lai^e 
percentage of paraflSn is indicative of a vegetable origin. On the 
other hand, Eldridge^ believes that the veins of solid hydrocarbons 
in the Uinta Basin, to the northeast, were formed by the forcing into 
the crevices and later rapid solidification of semifluid hydrocarbons. 
It would be interesting to know if the ozokerite contains more 
volatile oils in the lower levels of the mines than in the higher, or 
if the reverse is true, as such facts may have a bearing on the source 
of the petroleum from which the ozokerite has been derived. Analy- 
ses of the ozokerite compared with analyses of oil from the oil shale 
might possibly show some significant resemblances. 

Results of distillation tests on samples of oil shale collected by the 
writer m this region will be found in a paper in this volume entitled 
''Oil shale in northwestern Colorado and adjacent areas," by Dean E. 
Winchester. 

COMPARISON WITH THE BOBTSLAW FIELD IN QALICIA. 

The ozokerite field of central Utah resembles in a number of 
places the Boryslaw field of Galicia, Austria, which is the most 
productive field of ozokerite. The Galician field, as described by 
Redwood,' is less than 1 square mile in area. The ozokerite is found 
in fissiu*es, usually measuring from 2 to 12 inches in width, which 
cut shale and sandstone of Miocene age that overlie beds of petrolifer- 
ous shale. All gradations between solid ozokerite and petroleum 
rich in paraffin are found in the mines. A sample described by 
Redwood has a melting point of 60.5° C. and a specific gravity of 
0.9236. The mine shafts in this field are very closely spaced and 
range in depth from 20 to 200 meters (66 to 656 feet). Much of 
the semifluid material is under high pressure, and it is reported that 
certain of the mine openings have at times been filled by the 
squeezing of semifluid ozokerite. The Boryslaw deposits become 
narrower with increasing depth, and Redwood is inclined to believe 
that the ozokerite has been forced up from below. 

IHPOBTS. 

The figures given below, showing imports of ozokerite, are taken 
from the reports on the mineral resources of the United States, pub- 
lished by the Geological Survey. It is believed that the greater 
part of these imports came from the Galician mines, but the total 
production of the Galician field is probably considerably more than 
the amoimt given as imports to the United States. 

» Redwood, Boverton, and HoUoway, G. T., Petroleum, vol. 1, p. 233, 1896. 

*E)dridge, G. U., The uintalte deposits o( Utah: U. S. Geol. Survey Seventeenth Ann. Rept., pt. i, 
/?- fS», 1806. 
'Redwood, Boverton, The OaJician petroleum and oiokerlt© indualT\es'. aoc.C\v«rcv.\ii<\\3LaXt's Iwct,^ 
roJ. 11, pp. 112-118, 1892. 
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Mineral wax (chiefly ozokerite) imported into the United Statee. 

Pounds. Pounds. 



1888 1,164,940 

1908 3,595,393 

1911 4,472,708 



1912 6,352,003 

1913 7,141,514 

1914 8,191,529 



The price at the pomt of exportation was 8.7 cents a pound in 1911, 
7.7 cents a pound in 1912 and 1913, and 6.1 cents a pound in 1914. 

PBODUCTION. 

The first prospecting of this region was done in 1886. Since that 
time mining and prospecting have been carried on at irregular periods, 
for litigation has prevented continuous development. Exact figures 
for the production of the field are not available, and at the time of 
the writer's examination all the mines were inactive. According to 
statistics published by the United States Geological Survey in the 
yearly reports on mineral resources, the Utah field produced over 
640,000 pounds of ozokerite previous to 1900, and it is reported by 
officials of the American Ozokerite Co. that the field has yielded 
about 120,000 pounds since that date. The total output of the 
Utah field is only a small fraction of the quantity imported into the 
United States in a single year, but the production of the past is not 
a measure of the production that is possible imder favorable market 
and mining conditions. 

CONCENTBATION. 

The following concise description of the methods of concentration 

used in the Utah field is given by Taff and Smith:* 

The manner of separating ozokerite from the associated rocks is a simple process. 
The plant ♦ ♦ ♦ consists of a steam boiler and engine, a crusher, and steam- 
heated vats. The soft rock and ozokerite mixtiu'e is crushed and run into long vats 
with narrow bottoms containing water kept at a boiling temperature. The ozokerite 
melt« at a temperature of 54° to 70° C. (129° to 158° F.) and floats off as a liquid into 
cooling vats, while the rock is driven out along the narrow bottom of the vats by revolv- 
ing screws. On cooUng the ozokerite is remelted into dry pans to remove the 

moisture. 

USES OF OZOKEBITE. 

Ozokerite is a nonconductor of electricity and is extensively used 
for insulating. Candles made from ozokerite have quaUties superior 
to those found in other candles. Much of the ozokerite mined is con- 
verted into ceresin, a highly purified product which is used to replace 
or adulterate beeswax and has a variety of other uses. Ozokerite is 
also used as a foundation for various waxes and poUshes; as a cover- 
ing to protect metal surfaces from the action of moisture, acids, or 
alkalies; and for wax figures and dolls. 

i Taff, J, A., and Smith, C. D., op. ell., p. ^1V. 
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MINES AND PROSPECTS. 

In the following description of the mines and prospects, reference 
will be made to the map (PI. I), on which the places where ozokerite 
deposits have been exploited are indicated and numbered. In the 
report by Taff and Smith ^ many of these localities are described in 
detail, and in the following description the data collected by them 
have been used to supplement the data collected by the writer. At 
the time of the field examination none of the mines or prospects 
described below were being worked commercially. 

The westernmost development in the ozokerite field (No. 1, PI. I) 
is in the E. J sec. 20, T. 10 S., R. 7 E., and is locally known as the 
Cuhner Bros. mine. A slope about 160 feet long has been opened, 
trending N. 10° W. at an inclination of 23° to 40° from the horizontal. 
About 100 feet below the mouth of the slope a main entry has been 
driven about 215 feet N. 11° 13' W. A few short side entries have 
been turned off from the slope as well as from the main entry. Two 
houses stand near the mine, and some hoisting machinery has been 
installed at the mouth of the slope. The most prominent fissures 
containing ozokerite trend N. 10°-30° W. At the time of the exam- 
ination the mouth of the slope was filled with loose material that had 
caved from the roof, rendering entrance impracticable. According 
to Taff and Smith,^ the fracture zone is 2 feet 6 inches wide. It is 
reported that some large pieces of ozokerite have been taken from the 
slope and also that some yellow wax has been found here, but in the 
examination of the mine only thin films of soft ozokerite associated 
with gypsum were observed in the entry. A sample from this mine 
was tested as reported on pages 5-8. 

Development No. 2, in the NE. i sec. 21, T. 10 S., R. 7 E., consists 
of a shaft and a few open-cut prospects and is locally known as the 
U. S. property. This mine is equipped with electric hoisting ma- 
chinery and a plant for the separation of the ozokerite from the asso- 
ciated rock fragments. At the time of the field examination the 
shaft was filled with water, so that entrance was impracticable. Mr. 
Vorhees, of Soldier Summit, reports that the shaft is 100 feet deep 
and that entries as long as 40 feet have been driven from the bottom of 
the shaft. Taff and Smith ^ state that the fractured rocks are 45 
feet wide and the fissures have a trend of N. 60° W. In a prospect 
near the mouth of the shaft the ozokerite, which is well exposed, is 
irregularly distributed as a filling of the fissures, with a maximum 
width of 1 inch of solid wax. Along these fissures movement has taken 
place. The faults, which are normal, dip 45° and strike N. 45° W. 
The displacement is at least 18 inches, and the fracture zone is be- 
tween 4 and 5 feet wi(le. The ozokerite from this prospect has a 

' TalT, J, A ., and Smith, C. D., op. cit., pp. 3ti»-372. » Idem, i^. 3:71. 
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more or less fibrous structure, is dark brown to black, and has a hard- 
ness about equal to that of talc. 

Development No. 3, m the NW. i sec. 22, T. 10 S., R. 7 W., con- 
sists of a drift about 500 feet long, bearing about N. 10° W. No 
ozokerite was observed on the mine dump, and only a few films 
were found filling joints that trend N. 10 W. It is reported that very 
little ozokerite has been found here. A sample from this place was 
tested at the Biureau of Mines. (See pp. 5-8.) 

Development No. 4, in the E. J sec. 24, T. 10 S., R. 7 E., consists 
of a drift about 30 feet long, opened along the principal joints, which 
here trend N. 8° W. This prospect is about 700 feet higher than the 
railroad station at Soldier Smnmit, as determined bv barometric 
readings. A vein of ozokerite half an inch thick was observed in 
the face of the drift, but so far as could be observed this was the only 
vein in the prosi>eict. 

Development No. 5, in the SW. } sec. 19, T. 10 S., R. 8 E., consists 
of a drift about 30 feet long, trending S. 85° E. The exposed system 
of joints trends N. 43° W. The drift is partly timbered and is 
equipped with a small car and track. No ozokerite was observed 
either in the mine or on the dump. 

Development No. 6, locally known as the Soldier Sunmiit mine, in 
the NW. \ sec. 30, T. 10 S., R. 8 E., less than half a mile northeast of 
Soldier Summit, is reported to be one of the largest mines in the field. 
Tests of a sample from this mine are reported on pages 5-8. The 
shaft was in so poor a condition {it the time of examination that en- 
trance was not feasible. The following description is taken from the 
report by Taff and Smith: ^ 

A mine has been equipped with hoisting power and in connection with it a con- 
centration plant erected nearly one-third of a mile east of Soldier iSummit. The mine 
was closed at the time visited, on account of reported litigation. Mr. Kroupa, who 
directed the development here, reports that the shaft is 225 feet in depth and was 
driven on a band of vertical fissures that contain the mineral wax, and that drifts 
had been opened 50 feet to the north and south on the strike of the fractures. A 
north-south shear zone has been prospected one-fourth mile south of the mine. In all 
cases here the ozokerite is reported to occur in veinlets filling narrow fissures in the 
strike of the crushed strata and surrounding the brecciated shale and shaly sand- 
stone. Ix>cally the veins swell to a thickness of nearly 3 feet, according to Mr. Kroupa 's 

verbal report. 

I 

The mouth of the shaft has an altitude of about 400 feet above the 
railroad station at Soldier Summit. 

Development No. 7, in the SW. } sec. 10, T. 11 S., R. 8 E., consists 
of a shaft which at the time of visit was filled with water within about 
20 feet of the surface. The ozokerite occurs in a brecciated zone that 
trends about N. 8° W. Evidences. of ozokerite were foimd in the 
mine dump and in outcrops near the mouth of the shaft. 

,L^.^^_^_^^^^^^_ I iiari— r - - - !-■ ' — ' - ■ - 

1 op. oit.| p. 371. 
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Development No. 8, in the SE. J sec. 10, T. 11 S., R. 8 E., consists 
of a small drift opened along the joints that have a trend of N. 9® W. 
Thin films of ozokerite associated with gypsmn were seen. Accord- 
ing to Mr. James Miller, of Colton, a munber of small prospects sim- 
ilar to No. 8 have been opened northwest of this drift. 

Development No. 9, in the SE. i sec. 15, T. 11 S., R. 8 E., con- 
sists of a small drift and shaft opened along a normal fault in sand- 
stone and clay. The rocks show a vertical displacement of about 8 
feet and are brecciated along the fault zone. The ozokerite is con- 
fined for the most part to fissures in the brecciated portions of the 
sandstone and occurs in pockets or irregular masses. The clay car- 
ries little ozokerite, for even where it is faulted very little open space 
remains. A wagon road, which was in poor condition at the time of 
the examination, has been constructed from the Pleasant Valley mines 
to this prospect. According to barometric readings the mouth of the 
drift is about 650 feet higher than the town of Colton. 

Development No. 10, in the SW. } sec. 14, T. 11 S., R. 8 E., con- 
sists of a drift about 100 feet long driven along the principal joints, 
which here trend N. 10° W. This drift is about 475 feet above the 
town of Colton. The associated rocks are sandstone and shale, 
and masses of ozokerite were observed which measured as much as 
6 inches across. The fracture zone in this drift is from 4. to 5 feet 
wide. The impregnated material exposed in the face of the drift 
is from 4 to 5 feet wide. The impregnated material exposed in the 
face of the drift was estimated by Mr. L. V. Shearer, of the American 
Ozokerite Co., to contain about 7 per cent of ozokerite. Tests of a 
sample of ozokerite from this mine were made as reported on pages 
5-8. Angular fragments of country rock completely surrounded by 
ozokerite are abundant, and the smaller cross fractures are also filled 
with ozokerite in many places. The ozokerite from this drift is soft 
enough to be molded in the fingers. It has a more or less fibrous 
fracture and on freshly broken surfaces smells like kerosene. 

Development No. 11, in the SW. } sec. 14, T. 11 S., R. 8 E., con- 
sists of a drift about 200 feet long and some small crosscuts. The 
drift is opened along the principal system of joints and trends N. 
10® W. The general level of this drift is about 400 feet above the 
town of Colton. Ozokerite is found in films and thin veins along the 
principal joints and also in the smaller joints that cut the major 
system. It is probably a part of the same impregnated body that is 
found in development No. 10. Nos. 9, 10, and 1 1 are locally known 
as the Brown Bear group or James Peak group. 

Development No. 12, in the SE. 1 sec. 22, T. 1 1 S., R. 8 E., in the 
town of Colton, is locally known as the Town mine. At the time of 
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the examination the mine was partly filled with water. The following 
description of this development is given by Taflf and Smith: ^ 

A shaft is sunk on a vertical shear zone 5 to 6 feet in width to a depth of 110 feet and 
is equipped with a 10-horsepower hoisting engine. Drifts have been run on the strike 
of the fractures at a depth of 45 feet and at the base. The mine is now (!losed, it is 
claimed, on account of litigation. At the time of inspection it was filled with water 
below the 45-foot drift. At this level the brecciated zone consists of broken green and 
purple shale with sandstone fragments. Ozokerite occurs in scales or thin veins or as 
pockets and veins of variable extent and width, not exceeding a few inches at most. 

Development No. 13 is in the NE. i sec. 23, T. 11 S., R. 8 E., on whatis 
locally known as the Midnight claim. A drift has been opened here, 
principally in sandstone, along the brecciated fault zone, which is 
between 2 and 3 feet wide, and has a north-south trend. Ozokerite was 
observed at the surface in solid masses as thick as 1 J inches and filling 
smaller fissures and spaces between the faulted and brecciated rocks. 

Development No. 14, locally known as the Miller property, is in the 
SE. J sec. 14, T. 11 S., R. 8 E., and consists of two drifts, one 75 feet 
long and the other 17 feet long. The shorter drift is about 12 feet 
above the long one. It is reported that about 5 tons of material has 
been mined from these drifts and that some of it contained as much as 
7 per cent of ozokerite. 

Development No. 15, locally known as the Pleasant Valley or P. V. 
mine, is probably the largest and best-equipped mine in the ozokerite 
field. Two main drifts have been opened, one in the NW. J sec. 24 
and the other in the SW. J sec. 13, T. 11 S., R. 8 E., and are connected 
by a shaft. The lower drift is about 300 feet above the town of Col- 
ton, and the other is about 85 feet higher. Both drifts have been 
driven on a fracture zone which has a general bearing of N. 10° W., 
but the trend of the drifts ranges between N. 0° 58' W. and N. 15° W. 
The lower drift is about 650 feet long, and the upper about 350 feet, 
and some lateral entries have been turned off which are over 100 feet 
long. The two levels are connected in several places, and it is 
reported, that the lateral entries show that the fracture zone contain- 
ing ozokerite is locally 38 feet wide. Single continuous veins of ozo- 
kerite have been traced in these mines for 140 feet, and yellow wax 
has been found in the upper drift. The main part of the lower drift 
is opened along a normal fault, which is nearly vertical and has a 
displacement of over 6 feet. The associated rocks are sandstone, 
shale, and clay, and these commonly show shckensided surfaces. A 
plant for the separation of the ozokerite from the associated rock 
fragments, several houses, and a shop have been erected. It is 
reported by Mr. L. V. Shearer that shipments of wax were made from 
this mine to New York City in 1901, 1907, and 1912, which aggregated 
between 35 and 50 tons. Tests of a sample from the mine were made 
at the Biureau of Mines, as reported on pages 5-8. 

> Op. cit., pp. 370-371. 
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Development No. 16, locally known as the Higgins shaft, is m the 
NW. J sec. 24, T. 11 S., R. 8 E. The shaft is reported to be about 
180 feet deep but at the time of examination was in so poor a con- 
dition that entrance was not practicable. It is probable that this 
shaft is on the sa^me general zone of fractures as the P. V. mine. 
A sample from the mine was tested, as reported on pages 5-8. 
About 600 feet south-southeast of the shaft is an old prospect, which 
shows traces of ozokerite on the dump. 

Development No. 17, locally known as the Kyune Canyon property, 
is in the SE. i sec. 18, T. 11 S., R. 9 E. It consists of a drift over 100 
feet long. The general direction of the fractures which carry the 
ozokerite is N. 5° E., and exposures in the drift show ozokerite in 
small fissures as much as half an inch thick, scattered through a zone 
several feet thick. 

In the descriptions given above only those developments have been 
considered which show some indication of ozokerite or which have 
apparently been opened with the intention of conmiercial develop- 
ment. A number of small prospects were visited, and other occur- 
rences were reported in various parts of the ozokerite field. 

FUTURE OF THE FIEIiD. 

The quantity of ozokerite available for future mining in the Utah 
field can hardly be estimated. The length and thickness of the fis- 
sured and fractured zones containing ozokerite are variable, even 
within short distances, and for areas beyond the limits of prospected 
ground no quantitative estimate can be made with safety. Many of 
the prospects and mines, however, showed ozokerite in place, and 
the fact that it is irregularly distributed should encourage more 
thorough prospecting. 

The melting point of crude Utah ozokerite ranges between 60*^ and 
79*^ C, which compares favorably with that of the Austrian product. 
Inasmuch as the melting point is a factor in determining the price, 
the quality of the Utah product, so far as this point is concerned 
should encourage future development. 

Previous to the outbreak of the war in Europe the Austrian ozoker- 
ite sold in New York at so low a price that American producers found 
difficulty in competing with it. For the year 1914 the imported 
ozokerite was valued at 6.1 cents a pound at the point of exportation, 
and in the sunmicr of that year the New York price for crude ozokerite 
Was 27 to 30 cents a pound. About the middle of June, 1915, the 
price of ozokerite in New York, as shown by the various trade jour- 
nals, was between 30 and 40 cents a pound. As the imports from the 
Galician mines have been seriously affected by the war and as the 
development of these mines in the near future will probably be greatly 
handicapped, there is an excellent opportunity to market the Utah 
product. 
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THE OIL AND GAS GEOLOGY OF THE FORAKER QUAD- 
RANGLE, OSAGE COUNTY, OKLAHOMA. 



By K. C. Heald. 



INTRODUCTION. 

Sccype of paper—The aim of this paper is to describe and portray 
those features of the Foraker quadrangle which may be of interest 
and assistance in the discovery and development of accumulations 
of oil and gas. In the first part of the paper the character of the 
surface and the accessibility of different parts of the quadrangle are 
discussed. Under the heading " Stratigraphy " those strata which 
are valuable as key horizons in mapping structure are described in 
detail, and the probable positions of oil sands are given. Under the 
heading " Structure " the geologic structure is portrayed by map and 
stereogram, and the anticlines which the writer believes favorable 
for the accumulation of oil and gas are described in detail. In con- 
clusion specific reconmiendations for prospecting are given, and the 
writer's belief concerning the probability of the occurrence of oil 
and gas accumulations is set forth. 

Location. — The Foraker quadrangle lies in the extreme northwest 
comer of Osage County, Okla., between meridians 96° 31' and 96° 
45' and parallels 36° 45' and 37°. Its north boundary is just north 
of the Kansas-Oklahoma line. (See fig. 1 and PL II.) 

Field work. — The field work that furnished the data for this report 
was done during the summer and fall of 1915. Headquarters were 
made in the towns of Grainola and Foraker, where good hotel accom- 
modations were obtained, and in Foraker very good livery service 
was available. Reconnaissance trips were first made over the area, 
after which the detailed work necessary for mapping the geology was 
done. Several recognizable beds of limestone were traced through 
the region, and elevations were taken at many points along the out- 
crops. These elevations were obtained by plane-table work, supple- 
mented by a few hand-level observations close to established bench 
marks. The work was much facilitated by the excellent base map 
prepared by the Geological Survey in 1914, on which the surface 
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features are represented by contour lines with a 20-foot interval. 
(See PI. II.) Bench marks are established nt most uf the section 
comers and quarter corners. 

OEOGBAPHT. 
ReUef. — A ™w westward from the rim of the scarp west of North 
Bird Creek, near the east side of the Foraker quadrangle, gives the 
general impression of a great plain with almost no relief. This 
plain seems to slope gently for some 15 miles to the steep bluffs 
west of Bea%'er Creek, which are the southern extension of the Flint 
Hills of Kansas. In places there are scars, which evidently mark 
steep-sided valleys, and a few low hills modify the regularity of 
tiie surface, but they are not prominent. This smooth-appearing 
plain, however, is cut by numerous valleys. Erosion is active, and 
gulches and valleys 
are being vigorously 
excavated. The re- 
sultant debris is car- 
ried away by the 
streams before it has 
a chance to accumu- 
late in any great 
quantity, and conse- 
quently the valley 
sides are steep, al- 
tliough the many 
beds of soft shale 

prevent the development of prominent cliff faces. The moi-e re- 
sistant rocks form conspicuous outcrops, whereas the softer, less 
resistant shales and thin limestones ai-e carried away faster, and 
because of this difference the resultant slope has the appearance of 
a series of steps or terraces, such us are shown in figure 2. 

The most striking topographic features in the quadrangle are the 
bluffs west of Beaver Creek, in the northwest comer, and those 
which rim the valleys of Buck Creek, Sand Creek, North Bird and 
Middle Bird creeks, at the eastern margin. These scarps show the 
same general feature of alternating gentle and steep slopes as is 
shown in the valley sides, except that the slope, taken as a whole, 
is moi-e abrupt^in fact, the scarps are so abrupt and so continuous 
that they form considerable obstacles to travel by vehicle. Both lines 
of bluffs vary locally in trend, having reentrants and projections in 
response to the locations of stream courses and consequent ero^onal 
activity, but they maintain a constant general direction of a little 
east of north. 
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Drainage and water supply. — Most of the Foraker quadrangle is 
drained by Salt Creek, which heads a little south of the Kansas line 
and flows southward through the center of the area. About 30 
square miles in the northwest comer is drained by Beaver Creek, 
and the water from a narrow strip along the east edge flows into 
the headwaters of Buck Creek, Sand Creek, North Bird and Middle 
Bird creeks, which are pushing west and encroaching on the Salt 
Creek drainage basin. 

In years of slight rainfall all the streams are intermittent and a 
large percentage of the wells in the quadrangle go dry. The water 
in the wells comes from joint planes in limestone, as is clearly indi- 
cated by several shallow wells that give an abundance of water, 
though comparatively deep wells near by are dry. For this reason 
it is suggested that drilling for water should not go to a depth 
exceeding 75 feet, not only because the cost of drilling increase^ with 
increasing depth, but because joint planes are presumably more 
abundant near the surface. All the water in the area is limy and 
would doubtless leave quantities of scale in boilers. 

CuUwre. — ^The Foraker quadrangle is traversed by but one rail- 
road, the Midland Valley, whose trains stop at Foraker, Grainola, 
and Frankfort. Foraker and Grainola are small towns, the only 
ones in the quadrangle, and Frankfort is a flag station. The south- 
western part of the district can be more easily reached from the town 
of Burbank, on the Santa Fe Railway, only 4 miles south of the 
southwest comer of the quadrangle. 

The greater part of the land is given over to the cattle industry, 
which is in a very thriving condition. Agriculture is not neglected, 
however, and there are few places in the quadrangle that are more 
than a mile from cultivated land. 

The road net is very good, although the roads themselves are ftot. 
A large percentage of the section lines are open, and in dry seasons 
practically any of them may be traveled with a team, or even with 
an automobile. Good roads could be made along any of them with 
comparatively little expense. The many limestone outcrops could fur- 
nish an abundance of excellent road metal for use in places that are 
inclined to be soft in rainy weather, and slight detours from section 
lines would do away with the necessity of grading any bad hills. 
The most troublesome feature is the lack of bridges over the larger 
streams, which during very rainy weather may be impassable for 
several days at a time. The only good wagon bridge in the quad- 
rangle is the one over Elm Creek, 2\ miles west of Foraker. This is 
a very serviceable bridge, built of rock quarried at the bridge site. 
More work of this nature would go far toward making travel 
throughout the quadrangle possible in any weather. 
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STRATIGRAPHY. ^^ sm, 

BOCKS EXPOSED. 'iniestorH tp 

AGE AND OENEBAL CHARACTElt. 

The stratigraphic ciihimii 
in the Foraker quudnitigle is 
made up of rocks of lower 
Permian and upper Pennsyl- 
vanian age. 

The exposed rocks are all 
sedimentary. Limestone ami 
shale are the most abundant, 
but some sandstone is present. 
The conspicuous outcrops of 
the limestone beds and the 
control they exert over the 
surface features make them 
much the most important 
rocks of the section when 
structural mapping is at- 
tempted, because they can be 
easily traced. By means of 
elevations taken on these beds 
the position and slope of the 
strata may be determined. 

No complete description of 
tlie stratigraphy will be given 
in this paper, but for the con- 
venience of those who wish to 
do detailed geologic work in 
this region the most prtani- 
nent beds or key rocks are de- 
scribed in detail below. The 
general relations of the beds 
are shown in figure- 3. 

KET ROCKS. 

Wreford Ujnestotie. — The 
Wreford limestone is from 10 
to 14 feet thick in the For- 
aker quadrangle. It occurs iu 
three distinct layers. Between 
the middle and bottom layers 
there may be a bed of shale, 
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which has a thickness of 2 feet at the locality where it appeared best 
developed. 

The distinguishing features of the Wreford are the buff color of 
the middle bed and the character and mode of occurrence of the 
chert which forms a large part of the rock. The chert, owing to its 
greater hardness than the limestone in which it is embedded, weathers 
into all maimer of irregular projecting lumps and knobs. At some 
localities imperfectly silicified limestone takes the place of the chert 
and projects from the body of the rock in prominent layers, large 
pieces of which litter the ground in the neighborhood of the outcrop. 

The character of the formation is shown in detail in the following 
section: 

Section of Wreford limestone half a mile east of Hardy, Okla. 

Feet. 

Limestone, blackish gray on weathered surface, light buff to 
brownish gray on fresh surface ; in several slabby beds 2 to 
6 inches thick; top bed is massive, 12 to 16 inches thick, 
hard and dense; lower beds break into slabby, lenticular 
pieces. Fossiliferous ; considerably limonitized; has many 
echinoid spines ; is in places full of smooth cylindrical holes 
half an inch to 3 inches in diameter. Above this is a mass of 
shale and limestone 4 

Limestone, buff, hard, dense, massive ; full of chert ; yellowish 
brown on weathered surface, blue-gray on fresh surface. 
About 25 per cent of the rock is chert, in irregular nodules 
and layers, lens-shaped concretions roughly parallel to 
bedding most common ; chert is fossiliferous 3 

Shale, limy, yellow-gray to green-gray; looks sandy but no 
grains distinguishable; bedding regular; fossiliferous 2 

Limestone, light buff on both weathered and fresh surfaces, 
dense, hard, compact; full of fossils, which are locally 
replaced by glassy or milk-white calcite; in two be<ls with 
a 1-lnch shale parting; the many crystalline fossils give 
the rock a spotted appearance 3 

12 

Craase limestone. — A prominent limestone about 3 feet thick, the 
Grouse, lies approximately 70 feet below the base of the Wreford. 
Its outcrop is almost invariably conspicuous, and the rock is dis- 
tinctive enough to make it easily recognizable. The characteristic 
features of this limestone are the form of the outcrop, which shows 
many large, massive blocks, the absence of recognizable fossils in 
any abundance, with the exception of small Fusulinas, which are 
plentiful, and the presence of many smooth, round holes that are 
vertical or steeply inclined to the bedding. There are similar holes 
in other limestones of this region, but nowhere were they noted in 
such nvmhers as in the Grouse limestone. 
^€?^^{?nwaod limestojie, — The Cottonwood limestoiv^ \s from 10 to 
t6 feet thick in the Foraker quadrangle. It la tYvickssX iv^^\ >CXi'^ 
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Kansas line and thins to the s<>uth. Of the total thickness usually 
only the top 2 feet is visible, the remainder being covered with soil. 
This is due to the fact that the top 2 feet consists of hard, resistant 
limestone, while the remainder of the formation is made up of thin 
oolitic limestone and shale. In some localities there is a thin lime- 
stone conglomerate at the base of the formation. Although the thin 
limestones at the base do not form prominent outcrops, they are the 
most easily recognizable feature about the formation, because of 
their lithologic character and the fact that they carry many fossils, 
among which a small coiled shell (Schizostoma) is common. This 
coiled shell was rarely observed at any other horizon. In this 
quadrangle a thin oolitic limestone, with an abundance of fossils, 
especially Schizostoma, is almost certain to be at the base of the 
Cottonwood limestone. 

The following section measured north of Grainola gives a detailed 
description of the formation : 

X 

Section of Cottonwood limestone in the SW. i SE, i see, 21, T. 2d N., R, 6 E. 

Ft. In. 

Massive limestone, bluisli wliite on weatliered surface, liglit 
gray to light buff on fresh surface ; surface uneven and 
full of round holes as much as 2 inches in diameter, but 
it is not as rough as the Neva (see below) ; occasional 

rough pieces have dark surfaces; no chert 24- 

Thln shale and oolitic limestone 11 

Limestone conglomerate, blue-gray to yellowish; made up 
of rolled pebbles of limestone, shell fragments, and some 
little hematite i)ebble8 ; degree of cementation varies ; a 
good deal of crystalline calcite; many fossils; coileil 
shells (Schizostoma) and fluted, long-nosed brachiopods 

(Meekella) most characteristic 6 

Shale, olive-drab, clayey 2 

Limestone conglomerate as above, except that it contains 
more pebbles and less lime; fossiliferous (Myallna, 
productids) ; cross-bedded; largest pebbles seen about 

half an inch in diameter 2 

Shale or marl, pink, greenish gray, and white; bedding 
irregular; beds form overlapping lenses; contact with 
overlying conglomerate very irregular 2 6 

204- 

Neva limestone. — ^The Neva limestone furnishes one of the most 
prominent outcrops in the Foraker quadrangle. It is easily distin- 
guished from any of the limestones occurring higher in the section, 
and also from tho^e lower in the section, with the exception of the 
Red Eagle limestone, which lies about 55 feet below the Neva. The 
total thickness of this formation is 15 to 20 feet. It is made up of 
massive beds^ 4 to 6 feet thick, at the top and t\ie W^^ V\^iXv ^\\!^\jfeSv& 
of L'meskme and shale between. The total tVuckxie'^ oi >2<v^ ^^"^ ^^^ 
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is rarely seen, as the rock is evidently very soluble. The float is 
covered with jagged points and pinnacles which are so sharp and 
numerous that it is painful to handle a piece. A fresh fracture dis- 
closes numerous irregular cavities which may be filled with light- 
colored incoherent granular material. 

In many places the weathered surface of the lower bed is very 
rough, but it does not reach the degree of irregularity that is shown 
by the upper bed. The cavities in the lower bed are usually lined 
with bright-brown limonite. Both of the massive beds are fossil- 
iferous, but the thin beds between them are much more so. These 
thin beds also carry much chert. In many localities a very persistent 
cherty bed is found about 2 feet above the lower massive bed. 

Red Eagle limestone. — The Red Eagle limestone is so named be- 
cause of its excellent exposures near the Red Eagle School, south- 
west of Foraker. Its total thickness was not surely determined ; in 
some places it is at least 17 feet, but in others it is probably much less. 
The Red Eagle consists of a number of distinct beds of limestone, 
between which are beds of shale in some localities. One of the most 
distinctive features of the top bed of the limestone in much of the 
quadrangle is the character of the fresh surface, which shows an 
abundance of tiny grains of crystalline calcite, giving the surface the 
appearance of having been covered with frost or light snow. The 
following section gives the details of the upper part of the limestone 
in the southwestern part of the quadrangle. At this locality there are 
no shale partings, but the limestone varies in character. The thick- 
ness of the several members is estimated. 

Section of Red Eagle Hmrstoiic on tributary of Hay Creek, a quarter of a mile 
east of comer of sees, i, 2, 11, and 12, T. 26 N., R. 5 E. 

Ft. In. 

Limestone, gray, thin beddeil, slabby, clayey 3 9 

Limestone, creamy buff on weathered surface, medium 
hard ; breaks easily but Is not glassy brittle ; fossilifer- 
ous ; lower part of bed has much limonlte_. 1 Q 

Limestone, thin bedded, blocky rather than slabby, light 
gray, brittle, hard, fossiliferous 4 

Limestone, dove-gray on fresh surface, massive, clean, 
hard, brittle, fossiliferous ; good bed to burn 1 6 

Limestone, dove-gray, pure; makes persistent bed but 
weathers back under overlying bed 3 

Limestone, thin bedded, rough, slabby, whitish gray on 
weathered surface, blue-gray on fresh surface; in part 
good limestone, in part rather clayey; fossiliferous 
(corals, productlds) 4 

Limestone, pigeon-blue on weathered surface, brownish 
gray on fresh surface, much limonitized ; does not 
weather rough; fossiliferous; medium hard 2 

16 6 
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In tracing this limestone for the purpose of determining struc- 
tural conditions great care must be exercised, as it is easy to mistake 
the outcrop of one bed for that of another and so introduce an error. 
A mistake of small actual amount may be relatively great in its 
effect because of the low dips prevalent in this region. 

Foraker Umestane. — The Foraker limestone, which forms the rim 
of Ekler Canyon and is prominent along the line of bluffs in the 
eastern part of the quadrangle, is about 74 feet thick. Although the 
great part of this thickness is made up of limestone, much of the 
rock is so soft and thin bedded as to give no outcrop. Some soft 
shale is also present. The heavy limestone may be easily recognized 
by the large number of Fusulinas which it contains, the rock in places 
being fairly jammed with them. Another distinguishing mark is 
the great abundance of chert concretions which occur in this lime- 
stone. The fresh surface of the chert has in general a light blue- 
gray color, and the concretions usually include fossils which show 
white against the bluish background. The most common fossil in 
the chert is Fusulina secalica Say, but there are also small brachio- 
pods and a few corals and crinoid stems. 

Sandstone. — A sandstone, to which no name has been given, oc- 
curs about 28 feet below the base of the Foraker limestone. It is a 
particularly good horizon marker, as it is some distance either above 
or below other sandstones with which it might possibly be confused. 
Its lithologic character also makes its identification simple. 

The average thickness of this bed is about 3 feet, though locally 
it is more, a thickness of 7 feet having been observed at one place. 
In some localities, however, this sandstone is probably absent — at 
least there is no trace of it on the surface. 

The color of the weathered surface is reddish gray. The fresh 
surface is lighter in color and thickly dotted with small coffee- 
brown spots which are probably manganiferous. The most dis- 
tinctive feature is the presence of muscovite. In many places this 
mineral is very prominent, and it can always be detected if the rock 
is examined carefully. The sand making up the body of the rock is 
extremely fine grained translucent quartz. Many of the grains are 
but slightly rounded, crystal faces with clean, sharp comers being 
present in abundance. This feature may be observed without the 
help of a lens, as the sunlight is reflected from many tiny flashing 
points on a fresh surface of the rock. In places this sandstone is 
somewhat limy, but in most of the localities where it was tested no 
calcium carbonate was present. 

43768*'— BuU. 641—17 3 
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BOCKS KOT EXPOSED. 
IMPORTANCE. 

In order to predict with any degree of probability as to the occur- 
rence of oil or gas at any particular locality, it is necessary to have 
a knowledge not only of the structure which may be detected by 
examination of the strata that crop out at the surface, but also of 
that shown by the strata that occur below the surface to any depth 
which may be reached by the drill. An anticline whose shape is 
favorable for the accumulation of oil and gas and which is sur- 
rounded by a plentiful gathering ground but which lacks the proper 
succession of strata to transport and retain the oil would be of as 
much value to the oil man as a dry creek bed would be to a man in 
search of water. Without the proper succession of pervious and 
impervious strata oil accumulation will seldom take place. On the 
other hand, a knowledge that such a succession of strata is probably 
present will make it desirable to explore many localities where, if 
such knowledge were lacking, the chance of finding oil would not 
be considered good enough to justify the expense of drilling. 

The deepest of the sands which probably underlie this field and 
which have be^i proved to contain oil at adjacent localities is that 
known as the Tucker or Meadows sand. Although it is possible that 
there are oil-bearing sands below this one, it has never been proved 
for north-central Oklahoma, and only the strata lying between the 
Tucker sand and the surface will be considered in tiiis paper. 

SOURCES OF INFORMATION. 

Knowledge of the strata which underlie any given locality may be 
obtained in two ways. The first is by actual observation of the 
strata where they rise to the surface at some distance from the locality 
concerning which information is desired. In comparatively few 
places do the strata maintain a horizontal position for any great dis- 
tance. More commonly they are tilted to a greater or less degree, 
and where this is the case it is only necessary to travel in a direction 
opposite to that toward which they are tilted to reach the outcrop 
of any persistent bed. This is particularly true of a region where 
the strata uniformly dip in one direction, as in northeastern Okla- 
homa. The difficulty encountered where the beds have been only 
slightly tilted is the great distance that must be traversed before a 
bed which lies at any considerable depth will be found at the surface. 
Even when the point of outcrop is attained, it may be found that the 
soil is so thick that nothing can be learned of the character of the 
rocks which lie below. In northeastern Oklahoma, where the average 
dip to the west is only about 30 feet to the mile, it would be necessary 
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in order to measure a section having a vertical extent of 3,000 feet, 
to determine the character and thickness of the beds outcropping over 
a distance of about 100 miles. It is therefore evidently impracticable 
if not impossible to obtain in this way accurate knowledge of the 
strata whidi lie below the surface. 

The second source of information is that furnished by the records 
of the strata passed through when wells are drilled. All such records 
are valuable and should be preserved. A good well record furnishes 
more accurate information concerning tlie succession of the strata 
below the surface than can be obtained in any other way, and by the 
study and comparison of such records it is possible for a geologist 
to determine the changes that occur in the thickness and character 
of the strata, and under some conditions to tell with precision what 
succession of beds will be encountered in regions which have not been 
explored by the drill but which are not far removed from those that 
have been. 

No wells have been drilled in the Foraker quadrangle, but several 
have been sunk at points not very far distant, and the logs of these 
wells, supplemented by surface data, permit tracing of the under- 
ground formations with small probability of error. 

GENERAL CHARACTER AND AGE. 

The strata between the surface and the Tucker sand are of Penn- 
sylvanian age, with the exception of the uppermost beds in the 
northwest comer of the quadrangle, which include some of the 
Permian rocks that crop out farther east. 

The upper thousand feet of the rocks below the surface are domi- 
nantly ^ale and, in slightly less total thickness, limestone. Lower 
down the limestones are of insignificant amount in comparison to the 
shale and sandstone. Most of the lower part of the section above 
the Tucker sand is occupied by shale, which may be blue, black, or 
brown, with scattered red bands. The nature of the formations en- 
countered in a well drilled a short distance west of the quadrangle 
is shown in the log given on page 28. 
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Log of Mary Ue*» welt No. I, in gee. i, T. 28 N., R. i B. 
[Br E. W. Harlaad and others.] 
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CORRELATIONS. 

The determination of the rocks underlying the surface of the 
Foraker quadrangle was much simplified by the work of the Okla- 
homa Geological Survey in identifying the Neva limestone, which 
crops out just west of the town of Gushing, and determining the 
relation of the Neva to the Pawhuska limestone, which crops out 
at Drumright, the Neva and Pawhuska limestones forming the top 
and base, respectively, of a measured stratigraphic section. This 
section shows that the top of the Pawhuska lies 552 feet below the 
base of the Neva limestone.* As the relation of the oil sands to the 
Pawhuska limestone in the Gushing field is known, their relation 
to the Neva is also determined. The Neva limestone crops out exten- 
sively in the Foraker quadrangle. There are differences between the 
succession of strata lying below it here and that in the Gushing field, 
dependent on the persistency of the individual beds, both as regards 
thickness and character, but the changes may be recognized by a 
study of the logs of the wells in the territory between the two areas. 

The approximate horizons of the formations occurring at the 
mouths of holes drilled near Ralston, Blackburn, Fairfax, Poncji 
Gity, and Newkirk are known, and thus starting points were avail- 
able for the comparison of each well record with others. In this 
way the formations occurring at Gushing were traced northward 
through Pawnee, Osage, and Kay counties, with small probability 
of error, and were recognized in wells that have been drilled only 
a few miles west of the Foraker quadrangle. From the proximity of 
these wells to the quadrangle it is inferred that the same succession 
of beds will be found here as in the localities where the wells were 
drilled. 

As a result of the work described above, it may be confidently 
stated that below the surface of the Foraker quadrangle there are 
sands at the horizons of the main producing sands of the Gleyeland 
and Gushing fields. In addition to these sands, which lie more than 
2,000 feet* below the surface, there are undoubtedly some of the 
higher sands which have been found to carry oil and gas in the 
western part of Kay Gounty. If oil and gas are not found in the 
Foraker quadrangle, it will not be for lack of strata which are 
suitable to contain them. 

The approximate distances between the top of the Foraker lime- 
stone and the sands corresponding to those of the Gleveland pool are 
as follows: Foraker limestone to Layton sand, 1,680 feet; to Gleveland 
sand, 1,940 feet ; to Wheeler sand, 2,420 feet ; to Bartlesville sand, 2,850 
feet. So far as could be determined there is no break between the 



1 Bnttram, Frank, The Cushlng oil and gas field, Okla. : Oklahoma Geol. Sarrey Bull. 
118, pp. 9-10, 1914. 
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Bartlesville and Tucker sands in this region. The relations of the 
sands found at Gushing to those found west of the Foraker quad- 
rangle and a little south of the Kansas line are shown in figure 4. 

Mary Hess Nal Jemima Richards Na3 

5ec.4>T.E8N^4.E. Sec34,T.24-N.,R.6E. Sec.3,T.I7NJl.7E. 

S.J. Mowait Na I Daniel MacDugan No.l J.U.Bevi ns No. 1 

SeC.!9,T.29N.^.5E. , , 5ec.5;T.24N.7?.6E. Sec.29,T.22NJ?.7E. 
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FiouBE 4. — Skeleton logs of wells in north-central Oklahoma, showing correlation of sands. 



The conclusions reached agree very closely with the tentative 
correlations suggested by Wood ^ and by Ohem and Garrett.* 

1 Wood, R. Hm Oil and gas development In north-central Oklahoma : U. S. Geol. Surrey- 
Bull. 531, p. 32, 1911. 

s Ohem, B. W., and Garrett, R. E., The Ponca City oil and gas field : Oklahoma QeoU 
Survey Bull. 10, p. 29, 19i:j. 
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STRUCTURE. 

DEFINITION. 

The term " structure " as used in this report is limited to mean the 
form taken by the strata, whether level, warped, folded, or faulted. 
Gteikie* speaks of the structui'e as "the architecture of the earth's 
crust." It must, however, be differentiated from the sculpture of the 
earth's surface. The practical oil man is likely to limit the appli- 
tion of the term to those structural features which he considers favor- 
able for oil accumulation. When the possibilities of oil accumulation 
in any region are being discussed, the question is commonly asked, 
Is there any structure? This usage is entirely too narrow and should 
be discouraged. 

METHOD OF DETERMINING STBUCTUB.K 

In order to determine the structure of a region in which the folding 
is very slight, as in the Foraker quadrangle, it is necessary to obtain 
a great number of accurately located elevations on some one key rock. 
The points at which these elevations are taken must, if possible, be 
scattered over the whole area whose structure it is desired to ascer- 
tain. As no one bed crops out over so great an area, it is necessary 
to take observations on the outcrops of many different beds, from 
which the elevation of the key rock is computed by adding or sub- 
tracting, as the case may demand, the vertical distance between the 
bed on which an elevation is taken and the key rock. For example, if 
the NeVa limestone is chosen as the key rock, and the Cottonwood 
limestone crops out at the surface, a careful determination of the ele- 
vation of the top of the Cottonwood will be made. It has been deter- 
mined by measurements made in localities where both Cottonwood 
and Neva limestones are exposed that the vertical distance from the 
top of the Neva down to the top of the Cottonwood is about 67 feet. 
If the elevation determined on the Cottonwood is, say, 1,100 feet, 57 
subtracted from 1,100 will give 1,043 feet, the elevation of the Neva 
at that point. 

In order to obtain the data for mapping the structure the first 
step is to study the rocks exposed and learn the distance between the 
prominent beds on which elevations may be taken and the character- 
istics of those beds, so that when an outcrop is encountered it will 
be possible to say which bed it is and just how far above or below 
the key rock it should be. The second step, which may often be com- 
bined with the first, is to determine the elevations at many points 
on the outcrops scattered over the area which it is desired to map, 
locating each determined point on a map and recording the bed upon 
which it was taken. The third step is to compute from these eleva- 
tions those of the key rock as outlined above, and by connecting 

^Gelkie, James, Structural and fiold peologry, 3d ed., p. 104, 1912. 
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points of equal elevation on the key rock to draw the structure con- 
tours, which show, to those who understand reading contour maps, 
the form of the surface of the key rock as plainly as if all the earth 
and rock were stripped from above it, leaving it exposed to view. 
(See explanation of contours below.) The structure in the deeply 
buried sands does not as a rule exactly parallel that shown in the 
beds at the surface, and hence there is always a possibility of error. 
When wells are drilled in this region, the well logs will furnish in- 
formation by means of which the structure may be ascertained much 
more exactly than is possible through work with surface outcrops 
alone, and the structure contours may be revised. It is hoped, there- 
fore, that when the full report for this quadrangle is prepared well 
logs will be available. 

METHOD OF BEPKESENTING STBUCTTIBE. 

Structure may be shown graphically by structure contours, by 
cross sections, and by block diagrams or stereograms. 

Contov/rs. — ^A structure contour, like a surface contour, repre- 
sents a line all points along which are uniform in elevation. Thus 
any point on the key rock which lies on the line represented by the 
contour marked 1200 is at an elevation of 1,200 feet above sea level, 
and any point on the line represented by the contour marked 1250 
lies 1^50 feet above sea level. Every tenth contour is printed on the 
map in a heavy line as a matter of convenience in reading and trac- 
ing the lines. The contours are spaced at intervals of 5 feet — that is, 
for example, the contours between those marked 1200 and 1250 rep- 
resent lines at elevations of 1,205, 1,210, 1,215 feet, etc. By means 
of these lines it is possible to tell to what degree and in what direc- 
tion the beds dip. 

Cross sections. — Cross sections show the configuration of the strata 
along some one line, as if the earth had been slashed with a great 
knife and it were possible to see the side of the gash so made. 

Stereograms. — Stereograms are sketches of the surface of the key 
rock as reconstructed from the contours. The sketch is so ^aded 
that the features of the surface appear to stand out in relief, just 
as if the surface were exposed and had been actually sketched from 
some point at a distance and slightly above it. The vertical scale 
is much exaggerated in the stereogram, so that the relief is greatly 
emphasized. 

HAJOB. STBUCTUBK 

The Foraker quadrangle is situated on the west flank of a great 
regional uplift, the center of which is occupied by the Ozark 
Plateau. The west flank includes a great area in southwestern Mis- 
souri, southeastern Kansas, northeastern Oklahoma, and northwest- 
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em Arkansas in which the prevalent dip of the strata is to the west. 
In the Foraker quadrangle the general dip is almost due west at an 
average rate of 30 feet to the mile. However, the dip is far from 
uniform, being in comparatively few places exactly or even approxi- 
mately 30 feet to the mile. There are many steepenings where the 
slope may be as much as 80 feet to the mile, and a few where it is 
twice that. These are compensated by flattenings where the ^rata 
may be horizontal or even dip toward the east for a short distance. 
If all the earth and rock were removed from above some persistent 
stratum which at present lies wholly below the surface, the stratum 
would appear as a broad plain sloping gently westward. The imi- 
formity of this plain would be modified by low, rounded hills with 
broad, slightly arched tops; low ridges, most of them running in a 
general westerly direction and pitching to the west ; and wide, shal- 
low valleys with smoothly curving sides. At no place would there be 
such abrupt rises or steep-sided depressions as are visible on the 
present surface. The whole plain would be characterized by smooth- 
ness and very gradual changes in the direction and degree of slope. 
(See Pis. II and III.) 

MINOB STBUCTUBE. 

The term minor structure is used to indicate subordinate folds 
whose forms differ noticeably from that of the major structure upon 
which they are situated. 

ANTICLINES. 
BEAVER GREEK ANTZOLIHE. 

The Beaver Creek anticline, named from its position west of 
Beaver Creek, is by far the most pronoimced fold in the Foraker 
quadrangle. It is in the northwest corner of the quadrangle, and 
only a small part of the complete fold is shown on the map, as its 
northeasterly extension lies in Kansas and its southwesterly ex- 
tension in Kay County, Okla. 

The part lying in the Foraker quadrangle trends southwest from 
a point about three-tenths of a mile west of the northeast corner 
of sec. 14, T. 29 N., R. 5 E., and passes into Kay County near the 
middle of sec. 22, T. 29 N., E-. 5 E. The easterly dip, which per- 
sists for about half a mile, is at an average rate of 120 feet to the 
mile. The maximum vertical depression caused by this easterly 
dip is 60 feet, which is twice that of the Foraker anticline, the next 
largest fold shown on the map. The shape of the Beaver Creek 
anticline is undetermined, as the portions lying in Kay County and 
in Kansas were not mapped. However, it was observed that the 
easterly dip is much steeper than the westerly dip, and that the 
length of the anticline is much greater than the breadth. On the 
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east flank of this fold there is a minor fold whose long axis extends 
about 1^ miles and trends about N. 70° E. 

The structure contours showing this anticline are based on ele- 
vations at different points on the outcrops of the Wreford and 
Grouse limestones. Exposures are so plentiful that no di£Siculty 
was experienced in getting sufficient data for accurate ccmtouring. 

LONE TBEE DOME. 

The Lone Tree dome, named from its situation just east of Lone 
Tree Creek, is a small upwarp about 1 mile long and half a mile 
wide at its widest point. The center of this dome lies about a 
quarter of a mile south and an eighth of a mile east of the north- 
west comer of sec. 28, T. 29 N., E-. 6 E. Its outline is that of a 
triangle with roimded comers and the base toward the south. The 
long axis runs almost due north, and the short one almost due east 
The fold is nearly symmetrical with respect to the long axis. The 
easterly dip is small in vertical extent, the maximum vertical 
descent of the beds being about 10 feet. The change from easterly 
dip to westerly dip in the region directly east of the fold is not per- 
ceptible, as the slopes of the beds in either direction are so slight 
that their approach to horizontality is difficult to detect. On the 
west the slope of the dome merges with that of the westward-dip- 
ping monocline, the rate of dip being about 40 feet to the mile. 

Elevations on the Cottonwood limestone were used in drawing the 
structure contours that depict this dome. 

OBAIKOLA AirriCLINE. 

The Grainola anticline lies west of the town of Grainola. Its 
highest point as expressed on the surface is about a quarter of a 
mile east of the southwest comer of sec. 32, T. 29 N., K. 6 E. The 
arch of the fold is very low, the vertical extent of the easterly dip 
being about 12 feet. The easterly dip persists for about half a mile 
before it dies out and is replaced by the prevalent westerly dip. 

This fold is pear-shaped. Its longitudinal axis is about IJ miles 
long, and its transverse axis about three-quarters of a mile long at 
the widest point. The long axis runs in a northeasterly direction; 
the short axis is perpendicular to it The structure is continued on 
the west in an anticlinal fold that pitches westward at a rate of 40 
feet to the mile for the first half mile and at 80 feet to the mile for 
the next quarter of a mile. 

The elevations on which the contours are based are exclusively on 
the Cottonwood limestone, which crops out on the flanks of the fold. 
The crest of the fold is occupied by a valley containing no outcrops 
upon which elevations could be taken. 
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BS00X8 AimOLZVE. 

The Brooks anticline is a long, relatively narrow fold whose major 
axis runs southward from the middle of the southwest comer of 
sec. 17, T. 28 N., R. 6 E., to the middle of the SE. J sec. 32, T. 28 N., 
K. 6 E. It lies west of the Brooks School. Its length is a little over 8 
miles, and its maximum width less than three-quarters of a mile. 
The highest point is about in the center of sec. 20, T. 28 K, R. 6 E. 
The elevations on the west flank of this fold were taken on the Cotton- 
wood limestone ; those on the east flank on the top of the Neva lime- 
stone. The strata along the crest are hidden by a cloak of soil, and 
the correctness of the contouring is dependent on the accuracy of 
the assumption as to the distance between the Cottonwood and Neva 
limestones. The assumed distance of 55 feet was obtained by project- 
ing dips observed on the two beds and is subject to an error of not 
more than 10 feet. If the distance used is 10 feet too great, there 
would be a marked flattening of dips but no actual reversal, and the 
wrinkles on the west side would still be present. In other words, 
there would be on the west side a series of small folds with their long 
axes trending almost due east and having a pronoimced flattening at 
their east ends. 

The east flank is mapped as being smooth and free from cross 
folds, but it is probable that the apparent smoothness is due more 
to the lack of rock outcrops on which observations could be taken 
than to actual absence of minor folds. 

BROWK AimoLnrs. 

The Brown anticline is a large, low upwarp, the highest point of 
which lies about a quarter of a mile south of the northeast corner 
of sec. 8, T. 27 N., R. 6 E., near the Brown School. It is really more 
of a terrace than an anticline, as the total easterly dip amoimts to 
only about 12 feet. The flattening is very marked, however, and is 
prevalent over a large area. 

The axis of this anticline runs in a direction a little east of north 
and is a little over 2 miles long. East of the axis the strata dip east- 
ward at a rate of about 40 feet to the mile for a distance of three- 
tenths of a mile, beyond which the direction of dip is reversed and 
the beds rise to the east at a rate of more than 50 feet to the mile. 
For the first mile west of the axis the dip averages about 12 feet to 
the mile. Farther west the slope steepens, but so gradually that at 
no point can a pronounced change be seen. To the north the region 
of low dips includes a part of sec 32, T. 27 N., R. 6 E., where it 
merges into the terrace structure of the Brooks anticline. The con- 
tours on the crest and east flank of this fold were determined from 
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elevations taken on the upper part of the Neva limestone, and those 
on the west flank from elevations on the Cottonwood limestone. If 
there is any inaccuracy in the use of these beds it is in placing them 
too far apart, and the possible error does not exceed 10 feet. If the 
elevations on the west side of the fold are 10 feet too great the real 
structure is much like that shown on the map, except that the dip to 
the west is steeper and the anticline therefore more pronounced. 

NEVA AimOLINE. 

The Neva anticline is a short, blunt fold which shows dips in three 
directions only — ^to the north, west, and south. The axis of this 
fold trends westward from a point about an eighth of a mile east of 
the southwest corner of sec. 16, T. 27 N., R. 6 E., to the quarter comer 
between.secs. 17 and 20, N. 27 N., R. 6 E. The top of the fold is broad 
and flat, the east end showing a dip to the west not exceeding 10 feet 
to the mile. The steepest dip is on the south side of the tip, where 
the beds plunge to the southwest at a rate of 100 feet to the mile. On 
the north side of the anticline the dip is about 70 feet to the mile. 
The greatest change in the amount of dip occurs in the NW. J NW. J 
sec. 17, T. 27 N., R. 6 E. 

The contours representing this fold are based entirely on elevations 
taken on the top bed of the Neva limestone. Exposures are scarce, 
and comparatively few elevations could be obtained ; therefore, while 
the general shape of the fold is as mapped, it is quite probable that 
there are minor irregularities which do not appear on the map. 

EAT GREEK ANTICLINES. 

The Hay Creek anticlines, named from their location near the 
mouth of Hay Creek, are three in number. The east- west distance 
from the highest point of one anticline to the highest point of the 
next is about a mile. The middle one is the farthest north ; the west- 
em one the farthest south. In point of size they are successively larger 
from east to west. The elevations on which the structure contours of 
these folds are based are mostly on the Neva limestone, but some of 
them are on a limestone which lies about 23 feet below the base of 
the Neva. Exposures are good and no trouble was experienced in 
getting abundant data. 

The highest point on the western anticline is about an eighth of 
a mile due south of the northeast comer of sec. 1, T. 26 N., R. 5 E., 
from which point the rocks dip gently in all directions. To the east, 
south, and west the dip is at the rate of 70 feet to the mile. To the 
north there is almost no dip for the first half mile, and then the 
strata dip north at about 50 feet to the mile. The dip on the east per- 
sists in that direction for about half a mile and then reverses, the beds 
rising gently toward the east. The flattened top of this dome is 
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less than half as wide as it is long. The long axis trends a little east 
of north throughout most of the length, but swings sharply northwest 
at the north end. The long sides bow in toward each other in the 
middle and the ends are rather blunt. 

The highest point of the middle Hay Creek anticline is about a 
quarter of a mile due south of the northwest corner of sec. 32, T. 27 
N., R. 6 E., from which point the axis trends a little east of north 
and west of south. The length of the axis is about IJ miles* The 
outline of this fold is something like the blade of a knife which lies 
with its point to the north, the length being about three times the 
width. The dip either east or west of the axis is at the rate of about 
60 feet to the mile. That on the east side has a total vertical amount 
of only 12 feet, however, the horizontal distance over which it extends 
being short. To the north and south the dips are very gentle and 
merge into the general westerly dip of the region without any per- 
ceptible change. 

The eastern Hay Creek anticline is the smallest of the three folds. 
Its highest point lies a little southwest of the quarter comer between 
sees. 32 and 33, T. 27 N., R. 6 E. In outline it is like the blade of 
a narrow, round-ended, round-shouldered trowel. The long axis of 
the anticline points a little east of north. It is a little less than 
a mile long, and its greatest width is about a quarter of a mile. The 
easterly dip is insignificant, amounting to a little over 5 feet at its 
point of greatest development. To the west, however, the beds dip 
steeply for this region, showing for about a quarter of a mile a grade 
of 100 feet to the mile. The change in dip at the upper end of this 
relatively steep slope is very pronounced, giving the structure more 
the form of a terrace than that of an anticline. 

WAXSLET CREEK ANTZOLZVE. 

The Wamsley Creek anticline is a low, irregular fold south of 
Wamsley Creek. It is made up in reality of two distinct low folds 
or structural swells whose highest points appear at the surface in 
the middle of the SE. i sec. 25, T. 27 N., K. 6 E., and about one- 
tenth of a mile south of the comer of sees. 25, 26, 35, and 36. In 
shape this fold is like a V having thick, uneven sides and pointing 
northwest. The highest points occur at about the middle of each 
side and are separated by a narrow, shallow depression. The long 
axis of the east side of the fold points about N. 40*^ W., and that 
of the west side about N. 30*^ W. The fold, considered as a whole, 
is about 2 miles long and 1 mile wide. The actual reversal of dip 
is very slight, the maximum eastward descent being about 10 feet. 
The dip to the east is at the rate of about 40 feet to the mile, and 
that to the west has a maximiun of about 80 feet to the mile. 
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The structure contours lowing this fold are based on elevations 
taken on several beds of the Foraker limestone. Exposures were 
abundant and the beds could be accurately correlated, so there is 
small doubt about the exact form of this anticline. 

POTATO CREEK AKTICLDrE. 

The name Potato Creek anticline has been given to a pronounced 
fold whose highest point is in the SW. i SW. i sec 32, T. 27 N., 
R. 7 E., south of Potato Creek. This anticline is irregular in outline, 
forming an uneven oblong with ends and sides only approximately 
parallel. The major axis is about li miles long and trends about 
N. 20*^ E. The greatest width of the anticline is near the north end 
and amounts to a little more than a mile. The top of the fold is 
almost flat and covers an area of about half a square mile. It pitches 
to the north at an average rate of 70 feet to the mile, and the beds dip 
to the west at the same rate. Toward the south the dip is not so 
pronounced, the maximum drop being about 40 feet to the mile. On 
the east there is a drop of 15 feet at a rate of 120 feet to the mile, 
followed by a sharp reversal, the easterly dip being met by a westerly 
dip of equal steepness. It is possible that a small fault separates 
the beds here, although there is no evidence of such a break except 
the abrupt reversal of dip. 

On the west flank of the anticline, about a mile southwest of the 
summit, there is a structural terrace. The dip to the west flattens 
to about 10 feet to the mile and then steepens abruptly to almost 150 
feet to the mile. The front of this terrace extends along the east 
line of sec 1, T. 26 N., E. 6 E. 

NORTH BIRD CREEK AlTTIOLnrE. 

The North Bird Creek anticline is a long narrow fold whose axis 
extends south westward from a point three-tenths of a mile south of 
the northwest corner of sec. 12, T. 27 N., R. 7 E., near North Bird 
Creek, to a point about one-tenth of a mile south of the quarter cor- 
ner between sees. 17 and 20, T. 27 N., R. 7 E. The dips on this fold 
are to the north, west, and south. On the east the fold merges into 
the general westward-dipping monocline without any perceptible 
change in the general dip. The greatest flattening shown on this 
fold is in the southwest corner of sec 11, T. 27 N., R. 7 E., where 
the average dip is about 15 feet to the mile toward the southwest. 
The steepest dip is at the very tip of the fold, where the beds slope 
westward at an average of 110 feet to the mile At one place on the 
south side of the fold the dip is as steep as that shown on the tip, 
but only for less than one-fifth of a mile. 
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Most of the elevations on which the contours of this fold are based 
were taken on beds in the Foraker limestone, but some of them were 
taken on the sandstone which lies about 43 feet below the base of the 
Foraker. Outcrops were abimdant and correlations could be easily 
and accurately made. 

FORAKER ANTIOLIKE. 

The Foraker anticline is a low up warp, the crest of which is just 
northwest of the southeast comer of sec. 21, T. 28 N., E. 7 E., north- 
east of Foraker. The outline of this low swell is much like the bot- 
tom of a flatiron with a blimt rounded point and the back side of 
the flatiron slightly curved in toward the center. The major axis, 
which trends a little south of west, is about 2^ miles long: The 
greatest breadth of the anticline is about 1^ miles, at the east end. 

The dips to the north, west, and south are fairly uniform and 
about 75 feet, to the mile. On the east flank of the fold the dip to 
the east averages 25 feet to the mile. The top of the anticline, about 
a quarter of a square mile in extent, is very flat, and dips in any 
direction are hard to detect. 

A good deal of diflSculty was experienced in mapping this anti- 
cline, %p continuous outcrops are rare, and the dip to the east was 
determined not by continuous tracing of a single bed but by corre- 
lating scattered outcrops. It could not be proved that much of 
the apparent easterly dip is not due to a fault, but the fact that no 
faults or indications of faults were seen elsewhere in the quadrangle 
would make the existence of a fault here seem very improbable. It 
is, however, possible to say definitely that to the north the strata are 
not broken. Of the exact structure south of the crest of the fold 
very little could be ascertained, as there are practically no rock out- 
crops in that area. It was possible to determine the general dip, 
however, and although the structure on the south side is probably 
not so regular as the map indicates, it is xmlikely that the mapping 
diverges greatly from the true structure. 

ELM CREEK ANTICLINE. 

The Elm Creek anticline is a small upwarp lying on the head- 
waters of Elm Creek, in the W. ^ sec. 9, T. 27 N., R. 7 E. The axis 
of the fold is about IJ miles long and trends about N. 25 ^^ E. The 
anticline is really made up of two small domes which are separated 
by a slight saddle. These domes are small oval swellings of nearly 
equal size. Their major axes have a length of half a mile and their 
minor axes a length of a little more than a quarter of a mile. 

The dips on all sides of the fold are gentle. East of the principal 
axis the beds dip eastward for less than a quarter of a mile, to a 
point where the slope is reversed, and the highest point of any bed 
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in the anticline is less than 15 feet above the lowest point that the 
same bed may reach east of the anticline. West of the principal axis 
the beds slope away from it at a rate of about 35 feet to the mile for 
a quarter of a mile and at 100 feet to the mile for about a quarter 
of a mile more before the dip merges into the general westward dip 
of the region. 

The Red Eagle limestone crops out over the surface of this anti- 
cline, and the structure contours are based on elevations on the top 
of this bed. 

AITTELOPE GREEK ANTICLINE. 

The Antelope Creek anticline lies in sees. 10 and 11, T. 27 N., R. 6 
E., just south of Antelope Creek. It is a transverse fold with a curv- 
ing axis trending about N. 75° W. The general outline of the com- 
pound structure is something like that of a two-pronged tooth with 
the prongs pointing west. 

The dips to the north, west, and south are at the rate of 60 feet to 
the mile. No dip to the east appears except in one small area on the 
very crest of the wrinkle. Here the beds are inclined to the east for 
a horizontal distance of about one-eighth of a mile, in which there is, 
a depression of 10 feet. 

The structure contours for this fold were determined from eleva- 
tions on the Neva limestone, which crops out along the flanks of the 
fold. 

SYNCLINES. 

No detailed description is given of the synclines, as the purpose of 
this paper is primarily to point out those features which are of eco- 
nomic importance with relation to oil and gas, and a syncline is such 
a feature only where oil-bearing strata do not carry water. As such 
a condition has not been found to exist in any of the oil pools in the 
region surrounding the Foraker quadrangle, it is fair to assume that 
the sands underlying the surface in this quadrangle carry water. A 
mention of the positions of the axes of the larger synclines may be of 
some value, however, as the bottoms of these structural troughs, are 
theoretically the most unfavorable places for accumulations of oil 
and gas, and they should accordingly be avoided in wildcatting 
operations. 

Synclines occur north and south of the Foraker anticline. The 
axis of the one to the north strikes about N. 75° E. and extends from 
the quarter comer between sees. 24 and 25, T. 28 N., R. 6 E., to a 
point about 500 feet south of the middle of sec. 16, T. 28 N., R. 7 E. 
The one on the south is a sharper fold but is not so long. The axis 
of this trough trends northeastward from a point a little northwest 
of the middle of sec. 33, T. 28 N., R. 7 E. About 1,000 feet south of 
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the middle of sec. 27, T. 28 N., R. 7 E., the axis divides, one branch 
continuing northeast for about a mile and the other trending a little 
south of east for about 1^ miles, to the place where the syncline dies 
out. 

Just south of the North Bird Creek anticline there is a small, well- 
defined syncline whose axis begins 1,000 feet west of the southeast 
comer of sec 15, T. 27 N., R. 7 E., and trends northeastward to a point 
1,000 feet north of the southwest corner of sec. 12, T. 27 N., R. 7 E. 

A large, pronounced syncline lies south of the one just described, 
and its axis, which is slightly curved, extends from a point 3,000 
feet southwest of -the northeast comer of sec. 29, T. 27 N., R. 7 E., 
to the middle of sec. 24, T. 27 N., R. 7 E., where it passes out of the 
quadrangle. 

In the southwest comer of the quadrangle there is a well-defined 
syndine whose axis extends from a point 1,000 feet north of the south- 
east comer of sec. 26, T. 27 N., R. 5 E., to a point 2,300 feet south 
of the northwest comer of sec. 29, T. 27 N., R. 6 E., just northwest of 
the middle Hay Creek anticline. 

Just north of the Antelope Creek anticline there is a short syncline 
with a curved axis about a mile long extending from the southwest 
comer of sec. 3, T. 28 N., R. 6 E., to a point about 1,000 feet east of 
the southwest comer of sec. 12, T. 28 N., R. 6 E. 

East of the Beaver Creek anticline there is a syncline whose axis 
trends northeastward from the quarter comer between sees. 27 and 
34, T. 29 N., R. 5 E., to the middle of sec. 23, T. 29 N., R. 5 E. 

In the north-central part of the quadrangle there is a pronounced 
structural depression with an axis trending in a general south- 
easterly direction from the quarter comer between sees. 25 and 26, 
T. 29 N., R. 6 E., to the middle of the NW. i sec. 5, T. 28 N., R. 7 E. 

Besides the synclines described above there are many small ones 
whose influence on oil and gas accumulation is minor and in some 
cases probably negligible. 

ACCUMUIaATION OF Olli AND GAS. 

The various theories which attempt to give the reasons for the 
accumulation of hydrocarbons at certain selected points in the rockd 
will not be discussed in this paper. The essential thing is a knowl- 
edge of certain definite rules which repeated observation has shown 
are followed by the oil and gas in their journey to the points where 
pools are found, and of the conditions under which such accumula- 
tions of oil and gas are known to occur. 

Gas, in its journey through the rocks, tends always to reach the 
highest possible point, regardless of the degree to which the rocks 
are saturated with water. Petroleum also persistently climbs the 

43768*— BuU. 641—17 i 



42 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PART H. 

slope of inclined water-containing strata, if they are pervious enough 
to permit its passage. If water is absent, however, the direction of 
movement is reversed and the oil will tend to travel down the dip 
of the containing beds. 

An oil pool must occupy a reservoir capable of containing the oil 
and so situated that the oil can not escape until the pool is tapped 
by the drill. Such reservoirs are usually formed by porous beds of 
rock confined beneath impervious beds. The porous bed is usually 
a sandstone, although it may be a limestone or even an igneous rock ; 
the impervious bed is commonly a shale. Although a shale is not 
absolutely impervious, and under some conditions petroleum will 
undoubtedly travel through it, a shale cap over a porous sandstone 
is sufficiently impassable to oil to make possible the largest accumu- 
lations of petroleum and natural gas that have been discovered up 
to the present time. 

Where the succession of strata is such that a suitable reservoir is 
provided, oil accumulations have been found to be in direct relation to 
three factors. These are the attitude of the strata, whether horizontal 
or tilted; the degree to which the strata are saturated with water; 
and the permeability of the strata, which depends oh their porosity 
and on the size of the openings between their grains or particles. 
Any one of these three factors may be the dominating one, but the 
first named has appeared to be much the most influential. This may 
be due, in part at least, to the fact that comparatively little study 
has been given to the third, largely because of the difficidty in obtain- 
ing data that bear on it. Also, while the third factor is doubtless 
important, there is no means of telling anything about it in untested 
territory, so that even an absolutely clear understanding of its action 
would be of little assistance to the geologist in locating promising 
territory for prospecting. The same thing is true, to a less extent, 
as to the saturation of the strata with water. A single wildcat well 
goes far toward determining this factor. In the present state of 
knowledge, therefore, the attitude of the strata is the most practical 
and important indication available to the prospector. 

If the influence of the permeability of the strata which contain the 
oil is disregarded, there are four principal . conditions which should 
be discussed, each taking into consideration the attitude of the beds 
and the degree to which they are saturated with water. 

1. Where the strata are approximately level and contain water 
oil and gas accumulations of commercial importance appear to be 
rare. The controlling factor of those which have been found ap- 
pears to be the porosity of the bed that contains the oil or gas, the 
pools selecting the most porous lenses or "streaks" and occupying 
them to the exclusion of other parts of the bed. Pools of this type 
are particularly likely to occur where there are great quantities of 
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oil in the rocks, and it is presumable that the oil in the pools is but 
a small fraction of that which is disseininated through the rock in 
quantities too small to repay drilling. It is likely that some of the 
oil fields of Washington and Nowata counties, Okla., belong to this 
type. The discovery of such accumulations is always the result of 
chance drilling, as surface features can give no indication of their 



2. Where the strata are approximately level and " dry " oil might 
accumulate in " pay streaks" such as are described in the preceding 
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paragraph and shown in figure 5. Some contend that even where 
drill holes are apparently dry the microscopic interstices between 
the grains of the rocks contain water which is prevented from escap- 
ing by the capillary attraction exerted by the minute openings that 
hold it. No known oil pools have been shown to have the conditions 
deecribed, and the possibility of such accumulations may be disre- 
garded. 

8. Inclined strata containing water present the conditions most 
commonly found in oil fields and accordingly by far the most impor- 
tant. These conditions are known to exist in the most productive 
districts of Oklahoma, such as the 
Cushing field,^ the Healdton 
field,' and the Ponca City field." 

The oil travels up the slope 
ftxmed by the rising strata until 
some obstacle which it can not 

pass intervenes and stops it. This "i^^^b, "e-croBs s^tion iiiuitrating 
obstacle may be furnished by the tbeoreticai r<iD<^bini: out ot oii-benFins 
pinching out of the bed. In that """"■ ". s-nd^tone ; 6. .taie. 
case a condition such as is shown in figure G will result, the pool 
forming at the highest point of the porous bed which it can reach. 
The limits of such a pool can not be even guessed from anything 
which appears at the surface of the ground, its discovery being 
dependent on chance drilling. 

1 Bnttnun, Frank, Tbe CuBblng oil and gta Held, Okla. : Oklahoma Geol. Survey Bull. tS. 
I»1E. 

■ Wcgemaiui, C. H., and Heald, K. C, Tbe Healdton oil Held, Cnrt?r Count;, Okla. : 
V. S. Oeol. Snrrej Bull. 621, pp. 13-30. ISIS (Bull. dSl-B). 

■Obara, D- W., and Oarretl, B, E., Tbe FoD«a CItjr oil and gas fleld : Oklahoma Oeol. 
Sorrer BnU. 16, 1912. 
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In most of the large fields, however, the obstacle to the up- 
ward movement of the oil and gas is produced by the flattening 
or actual reversal of 
direction of the dip 
of the oil - bearing 
beds. The flattening 
produces a terrace, as 
^own diagranunati- 
cally in figure 7. The 
reversal indicates an 
anticline, as shown in 
figure 8. Either (me 
may cause an accumu- 
....^ZTonilZl^!^''''''^' '''"""''" lotion of oil. In the 
Cushing, Healdton, 
and Ponca City pools there is an actual reversal of dip of consid- 
erable amount. This is the condition which is generally held to be 
most favorable and upon which recommendations for drilling are 
most commonly based. There 
are no recorded oil pools in 
Oklahoma occurring in struc 
tural terraces. That accumu 
lations may occur in such a 
position, however, is altogether 
probable, as they are recognized fiocse 8 
in other parts of the Umted 
States. 

A third way in which the upward journey of oil and gas may 
be stopped is through the agency of faults. If there is a displace- 
ment of the strata which results in the porous bed being broken 

off and left abutting 
against an impervious 
bed, the migration of 
the oil and gas will 
be effectually stopped 
unless the fault leaves 
an open fissure along 
which escape is pos- 
sible. There are sev- 
eral considerable ac- 
cumulationsof oiland 
gas which are believed 
to have been caused by 
faults. Some of those in southern Osage County are believed to be 
of this type.' This condition is graphically shown in figure 9. 
> Wood, R. n., perBooal comma d lea tion. 
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4. Inclined and dry strata have never been certainly recognized 
in r^ons where oil has been found. This condition is believed to 
exist, however, and to be the cause of the accumulation of oil in the 
lowest parts of the containing porous rocks. The theoretical rela- 
tions of such an oil accumulation and the strata are shown in figure 10, 
The petroleum gathers in the porous bed, travels down the slope, 
and is collected in 
the bottoms of 
troughs or synclines 
formed by the fold- 
ing of the strata. 
In the few known 
oil pools found in 
this poation the con- 
taining strata have 
yielded no water, a 
fact which appears 
to bear out the 
theory. No pools 
of this type occur in Oklahoma, so far as is known to tiie writer. 

RECOMMENDATIONS FOR PROSPECTINO. 

There is a distinct order of preference which should be considered 
in the exploration of the anticlines of the ^oraker quadrangle. 
Should a fold which is favorably located and structurally suited to 
contain oil and gas be found to contain no such accumulation, the 
presence of pools in adjacent territory structurally less favorable 
would be much less probable. Prospecting should not be indiscrimi- 
nate but should first test thoroughly the localities where the struc- 
ture appears most favorable, and if one of these localities fails to 
yield oil and gas, prospecting should be at least temporarily moved 
to a point some distance away. 

However, no fold should be condemned on the evidence offered by 
a single hole. The attitude of the strata is by no means the only 
factor governing the accumulation of oil and gas, and some one of 
the others may interfere so strongly that a fold which is otherwise 
pronouncedly favorable for such an accumulation will prove barren. 
One of the moat potent of these other factors is believed by the 
writer to consist in the porosity and the nature and size of the open- 
ings in a bed which the oil and gas can occupy. For accumulations 
of gas the porosity is the more important. For accumulations of oil 
large interstices between grains are probably more essential than 
high poroaty. These factors can vary greatly within a short dis- 
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tance, and that is one of the principal reasons for the above recom- 
mendation that at least two test holes should be drilled before an 
apparently favorable fold is abandoned. 

In the Foraker quadrangle the anticline which offers the best 
structural conditions for the accumulation in commercial amount 
of oil and gas is the Beaver Creek anticline, in the extreme northwest 
comer. The best point for prospecting is on the very crest of the 
fold, which is a little south of the center of sec. 15, T. 29 N., R. 5 E. 
A well drilled here should reach the horizon of the Bartlesville sand 
at a depth of about 3,240 feet. In case oil or gas in considerable 
quantities are not found in the initial test, a second should be drilled 
about half a mile south and a quarter of a mile west from the first. 
Failure to find oil or gas in the Beaver Creek anticline would have 
little bearing on the possibility of their accumulation in other folds 
in the Foraker quadrangle, as the Grainola anticline, which is the 
nearest one of any great promise, is about 4 miles from the Beaver 
Creek anticline and has ample gathering ground to supply hydro- 
carbons sufficient for any accumulation which it would be likely to 
hold. 

The fold which appears to be second in promise is the Foraker 
anticline. This anticline, though small compared to those in many 
of the Oklahoma oil fields, still offers all the structural conditions that 
are necessary for the formation of an oil pool of considerable pro- 
portions. Owing to the comparatively low dip on all sides of this 
fold a hole sunk on the top of the fold, which is shown on the surface, 
would strike the highest point of the continuation of this fold at 
reasonable depth. Although it is impossible to say that this fold has 
the same shape underground as it shows at the surface, the outlines 
should be roughly the same, and the best that can be done is to choose 
the point at which the surface indications are the most promising. 
It is recommended that the first test hole on this anticline be sunk 
600 feet west and 100 feet north from the southeast corner of sec. 21, 
T. 28 N., R. 7 E. It should reach a depth of at least 2,800 feet If 
the first test fails to get oil or gas, a second should be drilled 
about 500 feet north of the quarter comer between sees. 21 and 28. 
The failure of these tests would tend to indicate the absence of ac- 
cumulations of oil and gas not only in the Foraker anticline, but also 
in the Elm Creek anticline. If the more pronounced fold does not 
contain an accumulation of oil, it is unlikely that such an accumula- 
tion has formed under the less favorable structural conditions present 
in the smaller fold. 

Third in importance is the Potato Creek anticline. This fold, 
while less well developed than the Foraker anticline, still offers all 
the structural requisites for a large oil pool. The dips on the several 
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sides of this fold do not differ in degree enough to affect the accumu- 
lation of oil, and the best point for prospecting is the highest point 
of the fold as expressed on the surface. This point is roughly 500 
feet east and 200 feet north from the southwest comer of sec. 32, 
T. 27 N., R. 7 E. Should a hole at this point fail to show oil and 
gas in considerable quantity, a -second one should be drilled about 
2,000 feet due south of the quarter comer between sees. 29 and 32. 
These tests should reach a depth of at least 2,800 feet, which should 
bring them to the horizon of the Bartlesville sand. A good showing 
of oil at that depth would justify drilling 100 or 200 feet deeper. In 
case the Potato Creek anticline is barren of petroleum or gas, pros- 
pecting the near-by Wamsley Creek anticline would not be advisable 
unless work to the west should disclose producing territory. 

The three localities mentioned above are structually the most 
favorable ones in the quadrangle. The order of importance of the 
other folds that have been described in detail is believed by the 
writer to be as follows: Western Hay Creek, Grainola, Lone Tree, 
Brown, North Bird Creek, Antelope Creek, Elm Creek, Wamsley 
Creek, middle Hay Creek, eastern Hay Creek, Brooks, and Neva. 
The best points for drilliivg are on the highest points of the folds, 
which are mentioned in the detailed descriptions. In deciding on 
the relative importance of these folds weight was given not only to 
their expression on the structure map, but also to the completeness 
of the data on which the structure contours are based. 

PROBABIIilTY OF FINDING OIIj AND GAS IN THE 

FORAKER QUADRANGIiE. 

There can be little doubt that oil and gas will be found in the 
Foraker quadrangle. Producing fields, some of them of immense 
yield, have been opened to the north, east, south, and west of this 
area. Oil has been found in commercial quantity in Kay County, less 
than 2 miles from the west edge of the quadrangle, and also in Kansas 
about a mile from the north line. Various test wells near the quad- 
rangle have established the fact that there are in this region numer- 
ous sands which are excellently fitted to hold accumulations of oil 
and gas. The anticlinal structure, while less pronounced than that 
in most of the largest oil fields of Oklahoma, is quite as well de- 
veloped as that in many of the smaller fields, both in Oklahoma and 
elsewhere. In short, all the factors which conduce to large accumu- 
lations of petroleum are believed to be present here, and it is most 
probable that drilling will disclose pools in at least some of the 
favorable places described in the preceding pages. 



POSSIBILITIES OF OIL AND GAS IN NORTH-CENTRAL 

MONTANA. 



By Eugene Stebinger. 



INTRODUCTION. 

The search for oil and gas in Montana has become very active, 
and there is an insistent demand for information concerning the 
occurrence of these substances in the State. The extension into 
Montana of the Wyoming fields that are producing high-grade oils, 
the development of valuable gas fields in southern Alberta, the dis- 
covery of some oil within a few score miles of the northern boundary 
of Montana, and, finally, the recent drilling in of a large gas well 
at Havre, in Hill County, have led petroleum engineers and oil 
operators to give serious attention to " wildcatting " in this State. 
The thick bodies of Upper Cretaceous shale with which most of the 
oil and gas in both Wyoming and Alberta are associated are known 
to be ' continuous between these two localities under the plains 
portion of Montana, making it apparent that favorable structural 
features, in this area especially anticlines and domes similar to those 
that are productive in Wyoming and Alberta, offer a chance of suc- 
cess with the drill. 

The purpose of the report here presented is to smnmarize all the 
available data concerning the possible occurrence of oil and gas in 
a condderable area in the north-central part of Montana, extending 
from the latitude of Great Falls northward to the international 
boundary. By no means all of this area has been searched for 
favorable structures, but the general character of the Cretaceous 
formations present under most of the area is well known. Further- 
more, it is proposed to point out a number of anticlines and other 
upward-arching structures occurring in parts of Hill, Chouteau, 
Blaine, and Fergus counties which, according to experience at Havre, 
seem to be favorable for prospecting. 

The facts observed seem to warrant the statement that consider- 
able gas territory, on a scale comparable with the Alberta fields, may 
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be found and also that the area shows some probability of yielding 
oiL It can not be too strongly emphasized, however, that a rational 
search for oil and gas in the State should begin with operations in 
the areas where the rocks are most strongly arched. Only after these 
areas have been successfully prospected ^ould the areas be tested 
which involve a much greater risk, namely, those in which the defor- 
mation of the beds is less pronounced or the bedrodc is concealed by 
glacial drift. 

i:k)cation and surface features. 

The part of north-central Montana herein described extends south- 
ward from the international boundary a distance of about 106 miles 
to the latitude of Great Falls and eastward a distance of 192 miles 
from R. 8 W. to R, 24 E. of the GJeneral Land Office surveys for 
Montana. (See fig. 11.) The area contains about 22,000 square 



FiGDKi 11. — iQdex map ot lionuoa thowlns areaa corered br Plates IV-vn. 

miles. The principal towns are Great Falls, Fort Benton, and Havre. 
The area includes all of Blaine, Hill, Toole, and Chouteau counties 
and parts of Fergus, Cascade, Teton, and Phillips counties. Plate IV 
is a geologic sketch map of the entire region. 

For the most part the region is a treeless plains country, slightly 
rolling and covered with glacial drift. Along the principal streams, 
Missouri and Milk rivers and their tributaries, there are extensive 
areas of badlands, affording excellent exposures of the Cretaceous 
formations present. The region is further diversified by four small 
mountain groups, the Sweetgrass Hills, Bearpaw Mountains, Little 
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Rocky Mountains, and Highwood Mountains, which are from 20 to 
40 miles across and rise island-like 2,000 to 4,500 feet above the gen- 
eral level of the plains. They are partly forest covered and well 
watered, in contrast with the semiarid plains that surround them. 

BASIS OF THE REPORT AND MAPS. 

Only a smaU part of the region here described has been examined 
with a view to reporting specifically on its oil and gas possibilities. 
Many of the map data and other details presented are taken from 
work d<me during the last 10 years by members of the Geological 
Survey while studying the coal resources of the region. These sur- 
veys cover about a quarter of the area here described. In the exami- 
nations for coal the general features of the geology, especially near 
the coal outcrops, were carefully mapped, but naturally many details 
that are of prime importance in the search for oil and gas, particu- 
larly those pertaining to structure and to possible surface showings 
of oil and gas, were not recorded. Fidier^ in 1906 examined the 
area extending from the vicinity of Great Falls northwestward to 
and beyond Teton River. Much of the information concerning the 
Kootenai formation in Montana is based on his observations. In 1908 
and 1909 Pepperberg ^ mapped the area along the Milk River valley 
from Harlem to a point a few miles west of Havre. Many of the 
data on Plate V, showing the geology in the vicinity of Havre, 
and on Plate VI, showing the tilted and folded rocks lying south 
of T. 35 N., were compiled from Pepperberg's maps and notes. In 
1912 Bowen * examined 10 townships lying southeast of Big Sandy 
between Missouri River and the Bearpaw Mountains and also a 
considerable area near the east end of the mountains in the vicinity 
of Cleveland. The data on the area lying north of Missouri River 
shown on Plate VII are taken from Bowen's reports. E. R. Lloyd 
in 1914 mapped all the area south of Missouri River shown on Plate 
VII extending eastward to R. 17 E. Lloyd's work has not been 
published and the descriptions of the area here given are taken from 
his original notes and maps. During the summer of 1915 the writer, 
assisted by Wendell P. Woodring and Julian D. Sears, examined the 
area in the vicinity of Winifred, in northern Fergus County, and 

^ Fisher, C. A., Geology of the Great Falls coal field, Mont. : IT. S. Geol. Survey Bull. 
356, 1909 ; Geology and water resources of the Great Falls region, Mont. : U. S. Geol. 
Surrey Water-Supply Paper 221, 1909. 

* Pepperberg, L. J., The Milk Biver coal field, Mont. : IT. S. Geol. Survey Bull. 381, pp. 
82-107, 1910; The southern extension of the Milk Biver coal field, Chouteau County, 
Mont. : IT. S. Qeol. Survey Bull. 471, pp. 359-383, 1912. 

* Bowen, C. F., The Cleveland coal field, Blaine County, Mont ; The Big Sandy coal 
field, Chouteau County, Mont. : U. S. Geol. Survey Bull. 541, pp. 338-378, 1914. 
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then spent the remainder of the season mappmg the northern portion 
of the Milk River coal field, lying in the tiers of Tps. 86 to 37 TS. 
Gas was discovered at Havre during this period, and a few days were 
spent in that vicinity. A description by the writer ^ of the geology 
of the northwestern part of the region here considered has already 
been published. 

GEOIiOGY. 

SEDIMENTABY BOCKS. 

GENBRAIi FEATURES. 

The sedimentary rocks in north-central Montana range in age 
from Cambrian to Recent. The formations, older than the Kootenai 
formation (Lower Cretaceous), however, are exposed only in the 
mountain uplifts and offer meager prospects of yielding either petro- 
leum or natural gas. These older rocks, of Jurassic or earlier age, are 
best exposed in the Little Rocky Mountains and the Sweetgrass Hills. 
They are mainly hard, compact limestones that are not known to be 
petroliferous at any point in the region. This character, together 
with the fact that in the plains areas they generally lie too deep to 
be readily reached with die drill, makes them of little interest to 
the oil and gas prospector. In southern Montana and Wyoming 
these older formations contain a larger proportion of shale, which 
in places attains a considerable thickness, and there they may be of 
some importance as a source of oil and gas. 

The extensive plains of northern Montana are underlain within 
reasonable drilling depth almost exclusively by Lower and Upper 
Cretaceous formations, and the sandstone beds associated with the 
thick bodies of shale in these rocks offer the best reservoirs for oil 
and gas in the region. Generalized sections showing the sequence 
and character of the formations, one for the eastern part and one 
for the western part of the region, are given below. These sections 
are also shown graphically on Plate IV. 

1 Stebinfrer, Eugene. Geology and coal rcsourcos of northern Teton County, Mont. : U. S. 
Geol. Survey Bull. 621, pp. 117-166, 1916 (Bull. 621-K). 
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Formations exposed in the plains of north-central Montana east of the 112th 

meridian in tJte area described 'in this report. 



BysUssL 


Dtf J68* 


Group and formation. 

• 


Thickness 
(feet). 


Character. 




Recent. 


AUavium. 




Silt, sand, and jraTel along flood 
plains of larger streams. 


Qutttaniary. 


Pletotooene. 


Glacial drift. 


O-200 


Bowlder clay, gravel, and lake silt 
and clay. Contains bowlders 
and cobbles of granite, gneiss, 
ouartxite, etc., transported from 
the northeast. 


Tertiary. 


Eocene. 


Fort Union forma^- 
tion. 


a700+ 


Clay shale, sandstone, and coal 
beds. Present only in small 
areas. Poorly exposed. 


Tertfary (T). 


Eocene (f). 

Upper Cretan 
oeoos. 

• 


Lance formation. 


700-800 


Alternating gray day shale and 
sandstone with irregular coal 
beds. Present in relatively 
small areas only. 




• 

1 

1 


Bearpaw shale. 


500-800 


Dark-gray clay shale with a few 
limestone concretions. Contahia 
many marine shells. Forms a 
subdued, rounded topography 
find gumbo soil. 




Judith River 
formation. 


450-550 


Light-gray clay and clay shale with 
irregular beds of grav or brown 
sandstone, and coal beds. Con- 
tains many oyster and other 
shells besides fossil bones. 




Claggett shale. 


350.500 


Like the Bearpaw in character of 
rocks and fossils, except for the 
occurrence of sandy beds near the 
top. 


Crataoeoos. 


Eagle sandstone 
with Virgelle 
sandstone 
member a t 
base. 


250-400 


Upper part zray clay shale and sand- 
stone witn coaly shale and thin 
coal. Lower part white to buff 
thick-bedded massive sandstone, 
Virgelle sandstone member. 
CofUahu gas in the Havre diatrkL 


• 


Colorado shale. 


1,600-1,700 


Bluish-gray to black shale with a 
few limestone concretions. Con- 
tains many marine shells. In- 
cludes three or four sandy beds 5 
to 70 feet thick in lower 800 feet. 
Probablp eontairu pat and oil m 
some localities of favorable etTUC" 
lure. 




Lower Greta* 
ceoos. 


Kootenai formation. 


400-600 


Red clayey shale and irregular 
grav sandstone with a few thin 
beds of limestone. Contains 
coal near the base and fossil plant 
remains of fresh-water orieln. 
Probacy contains m and oil in 
some localities of favoroble struc- 
ture. 



a Estimated. 
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Formations exposed in the plains of northrcentral Montana west of the 112th 

meridian in the area described in this report. 



System. 


Series. 


Group and 
formation. 


Thickness 
. (feet). 


Character. 




'-Recent. 


Alluvium. 




Silt, sand and gravel along flood 
plains of larger streams. 


Quatenukry. 


Pleistocene. 


Glacial drift. 


0-200 


Bowlder clay, gravel, and lairo silt 
and dav. Contains bowlders 
and oobSles of granite, cfneiss, 
quartzite, etc., transported from 
the northeast. 




Upper Creka- 
oeoos. 

# 


1 
1 


Bearpaw shale. 


450-550 


Dark-gray clay shale with a few 
limestone concretions. Contains 
many marina shells. Forms a 
subdued, rounded topography. 




Two Medicine 
formation. 


1,900-2,100 


Gray to greenish-gray day and soft 
irregular sandstone, which is 
most abundant in tne lower 250 
feet. In places thin beds of red 
clay ana nodular limestone. 
Contains an abundant reptilian 
fauna of Judith River types, be- 
sides leaves and shells. Contains 
coal beds near the base and at the 
top. 


Cretaceous. 


Virgelle sand- 
stone. 


200-290 


Grey to buff coarse-grained, mudi 
croRi^bedded massive sandstone, 
with many ferruginous ooncre- 
tioDS in upper half. In lower 
half slabby grey sandstone, be- 
coming shaly toward the base. 




Colorado shale. 


1.600-1,750 


BluLsh-grey to black shale with a 
few limestone concretions. Con- 
tains many marine shells. In- 
cludes three or four sandybeds 6 
to 70 feet thick in lower 800 feet. 
Probablv eontairu oat and oU in 
tome of the areat ofjavonMe ttrvc" 
ture. 




Lower Creta- 
ceous. 


Kootenai formation. 


600-700 


Shale, red in upper part, but re- 
mainder greyisli to black. Coo- 
tains irregular sandy beds up 
to 100 feet thick. Fresh water. 
Pnbablp cotUaint oat and oil in 
tome of the areat of favorable ttruc- 
ture. 

• 



As shown by the tables given above, the differences between the 
geologic sections of the eastern and western parts of the region occur 
in the Montana group in the interval between the Virgelle sand- 
stone and the Bearpaw shale. This is due to the fact that the marine 
invasion during which the Claggett shale was deposited in the east 
did not extend westward beyond the 112th meridian. An account of 
these relations has already been published.^ 

I Steblnger, Eugeno, The Montana group of northwestern Montana : U. S. Geol. Survey 
Prof. Paper 90, pp. 61-^8, 1915 (Prof. Paper 90-O). 
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FORMATIONS IMPORTANT IN THE SEARCH FOR OIL AND GAS. 

KOOTEHAI FORMATIOH. 

In this region all the strata so far examined lying between the 
marine Jurassic beds and the Colorado shale have been placed in the 
Kootenai formation. Farther south in Montana, however, on the 
flanks of the Little Belt Mountains and elsewhere, the variegated 
shales of the Morrison formation have been recognized in the lower 
part of this interval. The Kootenai formation crops out over a con- 
siderable area in the vicinity of Great Falls, on the outer slopes of 
the Little Rocky Mountains, and on the east end of the Bearpaw 
Mountains. It has also been penetrated by the drill near Kevin, in 
Toole County, and in the Sweetgrass Hills district. In the Great 
Falls area, where the fossil plants characteristic of the formation 
in the type area in Canada are present, the entire formation can be 
referred to the Kootenai with considerable certainty. In other areas 
where outcrops of these rocks have been examined in the mountain 
uplifts, although the typical fossil plants have not been found, the 
thickness and general sequence remain much the same. However, 
the distinctive red color of the shales present along the southern edge 
of the area mapped becomes less prominent toward the north and 
northeast. 

In the Great Falls district the formation is between 400 and 500 
feet thick and is made up of red sandy shale, clay, and gray sand- 
stone, together with a few irregular limestone beds. The red color 
of the rocks is a prominent feature, the soils on its outcrop being 
strongly colored. The sandstones range in thickness from 10 to 60 
feet, are more or less massive in character, and occur chiefly in the 
lower half of the formation. They contain a large amount of water. 

Near Kevin, in Toole County, as shown by the well log given on 
page 90, there are beneath the Colorado shale 635 feet of beds that 
probably belong to the Kootenai. The section there is essentially 
an alternation of sandstone and shale, but the only red material 
present is near the top of the formation. There are in this sequence 
five sandstone beds between 30 and 70 feet thick. 

In the Sweetgrass Hills district, as shown by the well log on 
page 89, there are at least 610 feet of strata containing near the top 
a prominent bed of red shale that should probably be assigned to 
the Kootenai. The sandstones at the base are reported to contain gas. 

The Kootenai formation is not known to be petroliferous at any 
popit on th^ outcrop in the areas mapped, although gas is reported 
from the locality just mentioned. The prominent sandstones in 
the formation seem to offer excellent reservoirs for either oil or gas 
if these substances are present at any locality. 
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OOLOBADO SHAIX. 

The formation overlying the Kootenai is the Colorado shale, a 
great body of bluish-gray to black shale containing in its lower half 
a number of sandstone beds. This formation, which ranges between 
1,500 and 1,750 feet in thickness in north-central Montana, is of 
marine origin — that is, it was laid down on a sea bottom and con- 
tains fossil sea shells in great variety. The rock materials deposited 
during this marine submergence are continuous northward into 
Canada and southward across Wyoming and beyond. The interval 
of time during which they were laid down is called the Colorado 
epoch, and the rocks themselves when divided into two or more 
formations constitute the Colorado group. 

The Colorado shale seems to be of first importance as a possible 
source of oil and gas in Montana. The only surface showings of oil 
so far found in north-central Montana are seeps from the lower part 
of this formation, and pay sands either in the formation or associated 
with it have been found in adjoining areas both to the north and to 
the* south of the State. In northern Wyoming the greater part of 
the oil produced in the Salt Creek field and most of the fields in 
the Bighorn Basin comes from sands lying mainly in the lower half 
of this group of rocks. In the Province of Alberta the gas of the 
important field at Bow Island, east of Lethbridge, is derived from 
a sand reported to be the Dakota. It is probable, however, that 
this sand is actually in the lower part of the Colorado shale. Like- 
wise, as reported by Dowling,* the small quantity of high-grade 
oils obtained from several wells in two anticlines lying southeast 
of Calgary, in the same province, comes from sands at the same 
position with respect to this shale. 

The similarity of the Colorado shale in northern Wyoming and 
Montana is also emphasized by the presence in both States of a 
peculiar shale or shaly sandstone carrying abundant impressions of 
fish scales. In Wyoming this shale, known as the Mowry shale, is 
about 200 feet thick and occurs in the lower half of the Colorado 
group. The presence of this fish-scale bed in so many productive 
oil fields has often been referred to as suggesting that fish remains 
may have been the source of at least part if not all of the oil found 
in the associated sands. These peculiar beds are present in at least 
the east half of the north-central Montana region. In the vicinity 
of Lewistown, in the central part of Fergus County, a short distance 
south of the area mapped, a bed about 900 feet above the base of the 
Colorado shale contains an abundance of fish scales and has been 
considered' as representative of the Mowry of Wyoming. About 

1 Dowling, D. B., Correlation and geologic structure of Alberta oil fields : Inst. Min. 
Kng. Bull. 102-A, pp. 1360-1364, 1915. 

• Calvert, W. R., Geology of the Lewistown coal field, Mont : U. S. Geol. Survey Bull. 
300, p. 30, 1909. 
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75 miles northeast of this locality, on the outer slopes of the Little 
Rocky Mountains, there are, according to Weed and Pirsson,^ in a 
thick shale formation occupying the stratigraphic position of the 
Colorado shale, some "white porcelanous beds in which there are 
abundant impressions of fish scales. This rock weathers into a 
porcelain-like debris whose light color attracts attention wherever 
the rocks are exposed." This description is typical of the Mowry 
throughout large areas in Wyoming. On the east end of the Bear- 
paw Mountains Bowen ^ found fish scales in abundance in the Colo- 
rado shale, at approximately the same horizon. In the Great Falls 
area the Mowry was noted by Fisher' but is not conspicuous. It 
has not been found elsewhere in the western part of the region here 
described, although it may be present, the lower part of the forma- 
tion being poorly exposed and having been little studied. 

Sandstone beds, in some places as much as 80 feet or more in 
thickness, are present in the lower half of the Colorado shale in all 
parts of central Montana where the formation has been examined 
along the outcrop or has been pierced by the drill. These sand- 
stones, sealed in by great thicknesses of shale, seem to offer favorable 
receptacles for the accumulation and retention of oil and gas, and 
they may contain these substances in commercial quantities where 
inclination of the strata has permitted their concentration, forming 
the so-called pools of the oil industry. The sandstone beds in the 
Colorado shale noted in four widely separated localities in the region 
are shown graphically in figure 12. The first two of these sections 
were measured on outcrops of the formation and are taken from re- 
ports by Calvert * and Fisher.** The last two are made up from well 
logs, which are given in detail on pages 90 and 89. The general preva- 
lence of sandstone beds in the lower half of the Colorado shale is 
evident from this diagram. It is very probable that these sands are 
more or less lenticular, for the arrangement and thickness of the beds 
in adjoining areas are such as to make it unlikely that individual 
sands persist throughout the intervening distances. In general char- 
acter, thickness, and spacing or distribution in the shale these sandy 
beds are comparable with those in the Colorado group of the Big- 
horn Basin oil fields, in northern Wyoming.® 

^ Weed, W. H., and Pirsson, L. V., Geology of the Little Rocky Mountains : Jour. Geology, 
vol 4, p. 400, 1896. 

« Bowen, C. F., The Cleveland coal field, Blaine County. Mont : U. S. Geol. Survey Bull. 
541, p. 34S, 1914. 

» Fisher, C. A., Geology of the Great Fall« coal field, Mont. : U. 8. Geol. Survey Bull. 356, 
1909. 

« CalTert, W. B., op. dt., p. 30. 

» Figher, C. A., op. cit, pp. 36-37. 

* Lnpton, C. T., Oil and gas near Basin, Big Horn County, Wyo. : U. S. Geol. Survey 
BqU. 621« pp. 16S-178, 1916. 

43768**— Bull. 641—17 5 
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The only noteworthy surf&ce showing of oil so far reported from 
north-central Montana occurs, according to W. A. English,' of 
the United States Geological Surrey, in one of the sandstones of 
the lower half of the Colorado shale on the north side of West Butte, 
in the Sweetgrass Hills, a short distance south of the Canadian 
boundary. Here, in a spring on the Roscoe ranch near the line 
between sees. 11 and 12, T. 37 N., R. 1 E., there are slight showings 
of light-greenish oil which collects to the extent of about a teaspoon- 
ful in 24 hours. Mr. English also reports that extraction tests made 
on samples from the sandstone outcrops in the lower part of the 
Colorado on West Butte give a good show of oiL The petroliferous 
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nature of the lower part of the Colorado shale in this portion of 
Montana seems to be clearly demonstrated by this occurrence. 

The principal outcrops of the Colorado shale in northern Montana 
are shown on Plate IV. The laigest one is in an extensive area occu- 
pying parts of five coimties, extending from the vicinity of the Sweet- 
grass Hills southward to Great Falls. Over most of the interstream 
areas the shale is hidden under a cover of glacial drift, but along 
the streams it is generally well exposed. 

EAQI^E BAMDBIOHE, nTOLVOIltS TtBOEIXE BAHDBTONE KEKBSB. 

Above the Colorado shale throughout north-central Montana there 
is a group of sandy beds from 250 to 400 feet thick, which constitute 
the Eagle sandstone. The lower part consists of a perfdstent 

1 Personal communLcatloD. 
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unit of cliff-making massive sandstone from 100 to 225 feet thick, 
named the Virgelle sandstone member because of its excellent ex> 
posures along Missom*i Eiver below the town of Virgelle, in Chouteau 
County. The Virgelle sandstone is by far the most persistent of the 
sandstone strata in northern Montana and should serve as an excel- 
lent key rock in all drilling operations in the areas under which it 
is present. Its principal outcrop in the region mapped outlines a 
broad, oval-shaped area and extends from Missouri River in eastern 
Chouteau County northward and westward to the Sweetgrass Hills 
and then turns southward to a point beyond Sun River. (See PI. 
IV.) West of the Sweetgrass Hills it forms the prominent escarp- 
ment known as " the rim," which extends from these hills southward 
for about 40 miles. Along the Missouri below Virgelle it forms the 
features long known as the " stone walls," which extend for about 
30 miles along the river. 

The strong flow of gas encountered at Havre (see p. 73) comes 
from the Eagle sandstone. The gas produced at Medicine Hat, in 
Alberta, is also found at about the same horizon. The porous nature 
of the Eagle sandstones, together with their position immediately 
above the Colorado shale, makes it probable that gas and oil in 
notable quantities are present where the structural conditions are 
favorable. 

FORMATIONS LYING ABOVE PROBABLE OIL AND GAS BEARING BEDS. 

Above the probable oil and gas bearing formations there is a con- 
siderable thickness of shale, clay, and sandstone, comprising a number 
of formations of Upper Cretaceous and Tertiary age. They occupy 
all of the area indicated by the absence of shading on the map 
(PL IV), including nearly half of the region described in this report. 
East of the one hundred and twelfth meridian thev include the 
Claggett shale, Judith River formation, Bearpaw shale. Lance for- 
mation, and Fort Union formation, and their total thickness is be- 
tween 2,700 and 3,350 feet. West of the one hundred and twelfth 
meridian they include the Two Medicine formation and the Bearpaw 
shale, and have a total thickness between 2,350 and 2,650 feet. 
The thickness and character of the individual formations are given 
in the tables on pages 53-54. 

The thickness of these overlying formations is very important 
to any one contemplating drilling to the base of the Colorado shale. 
Drilling from a horizon above the base of the Bearpaw shale to the 
base of the Colorado will involve depths greater than 3,000 feet. 
Obviously the addition of a large part of the 2,000 feet or more of 
the Bearpaw, Lance, and Fort Union formations would make the 
base of the Colorado far too deep for " wildcatting." The full thick- 
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ness of the Bearpaw, not over 800 feet, might be added, but areas 
containing the Lance and Fort Union formations should be avoided. 
Fortunately, these formations occupy only relatively small areas in 
Blaine, Fergus, and eastern Chouteau counties. In Chouteau County . 
the Fort Union rocks are present in a small area east of Big Sandy.* 
The Lance, and probably the Fort Union, are present in northern 
Blaine County in all of the area lying northeast of the Cherry Patch 
Eidge escarpment. In Fergus County the Lance formation is present 
along Missouri Eiver east of Dog Creek. 

GLACIAL DRIFT. 

Glacial drift ^ of Pleistocene age, consisting chiefly of gravels 
and bowlder clay containing pebbles and bowlders of all dimensions, 
including many of great size, is present over a large part of north- 
central Montana. It forms an effective cover, concealing the bedrock 
formations over large areas, and is of more than academic interest 
to one prospecting for oil and gas in this region. To its presence 
over so large a proportion of the area may be due the comparative 
scarcity of oil seeps or gas escapes coming from the underlying 
bedrock formations in north-central Montana, the compact bowlder 
clay readily concealing any indications that may have been present 
before it was laid down. The drift also makes it impossible to de- 
cipher the structure of the underlying formations over extensive 
areas lying between the principal streams. 

The drift ranges from a thin veneer to deposits several himdred 
feet thick and is usually thickest in the morainic areas, which have 
a rough " kettle and knob " topography. All this material was laid 
down by a continental ice sheet that overrode the region, coming 
from a center lying west of Hudson Bay. At least two separate in- 
vasions of the ice in this region are recorded. The only parts of the 
plains of north-central Montana that have not been glaciated are 
(1) the area along Missouri River south of the Bearpaw and Little 
Bocky mountains and east of R. 15 E., the ice sheet being held back 
from this area by the topographic barrier formed by these moun- 
tains; (2) the area lying west of R. 4 W. in the part of southern 
Teton County shown on Plate IV. 

RECOGNITION OF FORMATIONS IN THE COURSE OF DRILLING. 

The general similarity of the rock materials composing the Creta- 
ceous and Tertiary formations of north-central Montana tends to 

« Bowpn, C. P.. The BIp Rnndy oonl fiold, Choiitean County. Mont. : U. S. Oeol. Survey 
Bull. 541. pp. ar>4-:ior>, ]i>i4. 

a Calhoun, F. H. H., The Montana lobe of the Keewatln ice sheet : U. S. Geol. Surrey 
Prof. Paper 50, 1006. 
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make uncertain the recognition of the various formations encountered 
in the course of drillifig unless certain features are carefully ob- 
served. The rocks of the entire section are mainly shale, clay, and 
sandstone, repeated so many times in the succession of the beds that 
they are likely to be lumped together in large units of '' shale and 
shells " by the driller. 

The principal features on which the recognition of the various for- 
mations must depend are (1) differences in the color tone of the 
various bodies of gray or neutrally tinted rocks; {2) position of the 
beds of coal or black coaly shale; and (3) position of the thick beds 
of sandstone. The differences in the color of neutrally tinted shale 
and clay are the most important and consist of alternations in thick 
groups of strata of dark-gray, bluish-gray, or nearly black tones 
with those that are prevailingly light gray, ash gray, or nearly 
white. These differences are readily distinguished in the course of 
drilling as the material is poured from the bailer. 

In starting at the top of the Judith River formation and going to 
the Kootenai, the drill will encounter the following succession in 
the color tones of the gray shale, clay, and sandstone: (1) Judith 
River formation, light; (2) Claggett shale, dark; (3) Eagle sand- 
stone, light; (4) Colorado shale, dark until the easily recognized 
"red rock' of the Kootenai is reached. Coals or black coaly shale 
will generally be found near the top and near the base of the Judith 
River and at the top of the Virgelle sandstone member of the Eagle. 
The sandstone beds are apt to be confusing because of the frequent 
recurrence of beds of various thicknesses, but the general presence 
of sandy strata over 100 feet thick in the Eagle sandstone should 
make this formation easily recognizable. 

COMPARISON WITH CANADIAN CLASSIFICATION OF FORMATIONS IN 
SOUTHERN ALBERTA AND SASKATCHEWAN. 

The general succession of formations present in northern Mon- 
tana extends into Canada, where the rocks have been known for 
many years to the Canadian geologists. The changes in tht? Mon- 
tana group, including the disappearance of the Claggett shale toward 
the west, which first became apparent in studying the section in 
Montana, are also present and are in every way similar in southern 
Alberta, where they have been recognized by Dowling.* 

The differences in the formation names used on either side of the 
Canadian boundary relate chiefly, so far as the probable oil and gas 
bearing formations are concerned, to the Colorado shale and Eagle 

^ DowUnic D. B., Correlation and j^eolofcic structure of Alberta oil fields : Am. Inst. 
If In.' Kng. BaU. 102, pp. 1355-1 3»9, 1915. Dowllng describes the stratigraphy in Mon- 
tana but does not refer to the Uterature previously published on the subject. 
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sandstone, which the Canadian classification divides into three 
units — ^the Dakota sandstoiie, Benton shale, and Niobrara sands.^ 
The "Niobrara sands" are identical with the rocks described as 
Eagle sandstone in this report. The fact that all fossil evidence is 
against using the name Niobrara in connection with this sandstone 
was long ago emphasized by Stanton.* Although in the early days 
the Dakota was supposed to be present in Montana, it is absent 
wherever the strata in which it should be present have been examined, 
and its existence in southern Alberta is believed to be equally uncer- 
tain. The sandstone at Bow Island and elsewhere referred to as 
Dakota by Clapp and others is very probably the sandstone in the 
lower part of the Colorado shale as described in this report and 
illustrated in figure 12. The fact that the logs of wells at Bow 
Island show dark shale beneath the pay sand called " Dakota " is very 
suggestive of this. Marine fossils found in the basal sandstones of 
the Colorado shale, described as "rusty beds" in the section from 
central Fergus County (see fig. 12), seem to prove the marine origin 
of all these sandstone beds. The use of the name Benton for shale 
overlying the supposed Dakota in northern Montana is also inadvis- 
able, for no evidence has been found, either paleontologic or litho- 
logic, to warrant recognition of the Benton and Niobrara subdivisions 
of the Colorado. The simple expedient of applying the term Colo- 
rado shale to all these strata in northern Montana has long been 
in use. 

IGNEOUS BOCKS. 

Igneous rocks in large areas are present only in the mount&.in up- 
lifts of north-central Montana, where they occur in laccolithic 
masses. According to Weed and Pirsson^ the igneous rocks of all 
these detached mountain groups belong- to a single general type of 
highly differentiated alkaline rocks, usually high in silica. Dikes 
and sills of these rocks radiate from the mountains, some of them to 
considerable distances, and cut the Cretaceous beds of the plains. 
They are especially abundant in a belt from 15 to 20 miles wide be- 
tween the Highwood and Bearpaw mountains. These dikes and sills 
have had little effect on the inclosing strata, baking of the beds and 
displacement having occurred only to a minor extent. They may be 
of importance in relation to the occurrence of oil and gas, especially 
where they are abundant, but it is difficult to determine what effect 
they have had on any hydrocarbons that might be present. 

* Clapp, F. G., and otherB, Petroleum and natural gas resources of Canada, vol. 2, pp. 
265-272. flg. 27, 1915. 

* Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River 
bed» : U. S. Geol. Survey Bull. 257, p. 04, 1905. 

« Weed, W. H., and Pirsson, L. V., Geology of the Little Rocky Mountains : Jour. Geology, 
vol. 4, p. 426, 1896. 
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STBUCTUBE. 
IMPORTANCE OF STRUCTURE IN THE SEARCH FOR OIL AND GAS. 

The lay of the beds in sedimentary rocks is referred to as the 
structure. If a competent source of supply of oil and gas and a 
proper receptacle for their accumulation and retention — namely, 
••' sands " — are at hand, structure that permits the concentration of 
these hydrocarbons into relatively small areas from an originally 
disseminated condition then becomes of paramount importance in 
the search for oil and gas. In order to permit the concentration of 
these substances into commercial pools, it seems necessary that the 
strata shall have been flexed, tilted, and folded in some manner. It 
can be said without reservation that oil and gas do not generally 
accumulate in commercial quantities if the rock layers are perfectly 
flat. Experience has amply proved the statement of the late Edward 
Orton that in horizontal beds '^ you will get a little oil, a little gas, 
and a little salt water, but not much of anything." 

The structural forms that have proved the most productive are 
domes or anticlines, produced by upwarps or bulges in the strata. 
Others of less importance are terraces, monoclines, synclines, and 
strata bent by faulting. The essential factor is that the beds be tilted 
or bent, but the degree of tilting varies greatly. In many places it 
is so slight that it is imperceptible to casual inspection and can not 
be detected except by close instrumental work, as in the Kansas, 
Oklahoma, and Texas fields. Elsewhere the tilting may be strongly 
developed, as in the California and Wyoming fields, where its pres- 
ence can be ascertained at a glance by a trained observer. 

The presence or absence of water in the "sands" is a further 
qualifying factor in determining the location of pools. The fol- 
lowing statements with reference to the presence of water have been 
proved again and again in developed fields: If the pay sands are 
saturated with water, the gas and oil, being lighter, wuU be found 
above the water in the crests of domes or anticlines or on the flats 
or terraces of monoclines. If the sands are only partly saturated 
with water, the gas and oil will be found down on the flanks at the 
upper level of saturation. If the sands are dry, the oil and gas 
will have migrated downward to the troughs of the synclines or 
to a point where further shifting has been prevented. Finally, it is 
generally although not invariably true that if oil and gas are present 
in the same stratum, gas, being the lighter, will be found above the 
oil — that is, farther up on the flanks of the fold. 

It is very probable that in Montana large quantities of gas or oil 
will be found, if at all, only in strongly developed folds, with rela- 
tively high dips, such as those in Wyoming, rather than in folds 
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having very low dips, such as are characteristic of the Mid-ContineiKt 
fields. This belief is based on the fact that most of the oil fields 
so far developed in the Cretaceous rocks of the region adjacent to flia 
Rocky Mountains, from Colorado to Alberta, are on strongly de- 
veloped anticlines. There seem to be no conditions present in Moeh 
tana which will make that State an exception to the general rule 
for the Rocky Mountain and Great Plains fields. 

STRUCTURE OF NORTH-CENTRAL MONTANA. 

GENERAL ASPECT. 

Viewed as a whole the structure of north-central Montana is that 
of a large area of nearly horizontal beds of sedimentary rock thaij 
have been intruded by igneous rocks and uplifted in four isolated! 
mountain groups. A general idea of these relations can best \mi 
obtained from the section extending entirely across the regicnj 
through the Bearpaw Mountains, given on Plate IV. On a drawing! 
covering so wide an area the vertical scale is necessarily exaggeratedfi 
making the dips in the areas of nearly flat strata appear greatei^. 
than they really are. Sections made in the same manner, but in;: 
different directions, through others of the mountain uplifts, sEcfir^ 
the same general setting of large areas of nearly horizontal strtttii^ 
intruded and uplifted in the mountains. In relatively small traofai 
in the areas of nearly horizontal rocks, especially in the region sur-; 
rounding the Bearpaw Mountains, the beds are much tilted and 
bent. These upturned beds, however, are nowhere extensive enough 
to offset the prevailing horizontality of the rocks. 

8WEETORAS8 ARCH. 

The structure of the western half of the region described is char- 
acterized by a very broad anticline or arch that extends in a general 
northerly direction and is here called the Sweetgrass arch. ThiB 
broad uplift brings the Colorado shale to the surface in an area about 
75 miles wide, surrounded on all sides but the south by outcrops df 
the Virgelle sandstone. (See PI. IV.) The arch extends southward 
from the Sweetgrass Hills to the region beyond Teton River, where 
it flattens out because of the presence of gentle northward dips 
induced by the uplift of the Belt Mountains, still farther south. On 
the north this broad uplift extends to and beyond Belly River in 
Alberta, but it pitches slightly, allowing the overlying rocks of tlie 
Montana group to arch over its crest. On the geologic maps of 
southern Alberta it appears as a broad belt of " Belly River beds/* 
flanked on each side by the overlying marine shale. The BofW 
Island gas field of southern Alberta lies near the center of this broad 
arch. 
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The location of the axis or crest of a very broad fold of this kind 
is extremely difficult. In fact, it is not improbable that this arch has 
no well-defined crest but culminates in an area of slightly undulat- 
ing, nearly horizontal rocks along its middle part. (See section, PL 
IV.) Most of the arch in northern Montana has not been examined 
geologically. The possibility of the occurrence of minor folds within 
the area of the broader arch must be considered, and if anv such 
are present they are important in relation to the occurrence of oil 
and gas, offering the possibility of getting oil from the Colorado 
shale at comparatively shallow depths. The oil and gas develop- 
ments in this area are noted under the local descriptfons in this 
report. 

BEOION OF TILTED AND FOLDED ROCKS STTRROITirDINQ THE BEAKPAW 

MOUHTAnra 

In the plains surrounding the Bearpaw Mountains for 30 to 40 
miles on all sides there are many folds and faults in the nearly 
horizontal Cretaceous rocks that are irregular in their trend and 
distribution. The causes of this peculiar and irregular faulting are 
not well understood, but they are probably related to the extensive 
igneous intrusions in the Bearpaw Mountains. The faults are all of 
the thrust type, older formations having been carried upward be- 
side younger rocks that lie for the most part undisturbed. The 
largest of these faults average about 12 miles in length, but most 
of them can not be traced more than 4 to 6 miles. The cross section 
of the Meili fault (PI. V) illustrates the general type of these 
faults, although in many of them only the beds on one side of the 
break are tilted, those on the opposite side remaining undisturbed 
practically up to the fault plane. The trends of the faults cover 
all points of the compass, although in small areas a single direction 
may be dominant — for instance, south of the Bearpaw^ Mountains 
many of the faults trend about N. 55*^ W., while north of these 
mountains the two principal trends are approximately N. 40° E. and 
N. 70° W. 

These faults have produced in the strata upw-ard arches, which, 
if the impervious shales overlying the sands have not been broken 
by the faults, should be as effective reservoirs as anticlines for the 
storage of gas or oil, or if the impervious cap has been broken the 
movement along the fault plane has tended to seal the pores in the 
sand and thiis retain any oil or gas that may have accumulated there. 
The discovery of gas at Havre seems to prove that these faults have 
not unsealed the underlying sands and suggests that conditions 
favorable at least for gas and probably for oil are present through- 
out the wide extent of territory occupied by these faulted structures. 



66 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PART H. 

On Plates VI and VII are represented 32 of these faults, including 
all the principal ones mapped in the areas north and south of the 
Bearpaw Mountains. Detailed accounts of these areas are given 
under the local descriptions. 

DISTTTBBED BELT ADJACENT TO THE FBOITT BANGE OF THE B0GX7 XOmrTAIBl. 

A small area in the vicinity of the North and South Forks of Sun 
River, in the southwest corner of the region here described, forms 
a pai-t of an extensive belt of strongly folded and faulted Cretaceous 
and Tertiary rocks lying adjacent to the front range of the Eocky 
Mountains. This disturbed belt extends northward into Alberta, to 
Calgary and beyond. The discovery of gas and oil in faulted anti- 
clines in this disturbed belt in the vicinity of Calgary has led to 
considerable excitement in the last few years. Little is known of the 
details of the part of the disturbed belt lying in the area described in 
this report, but it is not improbable that anticlines are present there. 
If so, they are very likely to be much faulted and trend northwesL 
Where they ai-e underlain by the Colorado shale and Kootenai for-* 
mation at reasonable depths they offer a probability of obtainizL^ 
oil and gas with the drill. 

LOCAL FEATURES. 

ABEA OF TILTED AND FAULTED BOCKS NOBTH OF THB BEABPAW 

MOUNTAINS. 

HAVRE GAS FIELD. 

IITTBODVCTION. 

The first recorded discovery of gas in the vicinity of Havre wtf 
made at Fort Assinniboine by the Quartermaster's Department, 
United States Army, between June, 1892, and November, 1898, while 
making a deep boring in the hope of getting artesian water. This 
well was drilled to a depth of 1,500 feet and obtained a small flow 
of gas, although no water was encountered below the gravel and 
sand of the glacial drift. Nothing further was developed until 
the Havre Natural Gas Co., composed of prominent citizens of Havre, 
finally obtained a large flow of gas under high pressure 2 mileB 
northeast of the town in July, 1915. The company had previooslj' 
drilled two wells in Havre, one at the race track and the other at 
the brewery, at opposite ends of the town. A small flow of gas wa» 
obtained in each of these wells, and with commendable i>ersisteiioe 
the company made a new location, which resulted in the important 
find just noted. All these locations were made at random, without 
regard to surface showings of gas or of geologic structure, the guid- 
ing principle of those interested Wmg sVrei^Vj thft firm conviction 
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that the gas fields of southern Alberta extended southeastward into 
Montana. 

Acknowledgments are due to Brig. Gen. J. F. Morrison, United 
States Anny, for the well record and information concerning the 
drilling at Fort Assinniboine, made while he was in command of 
the post The writer is also indebted to Dr. J. A. Wright, president 
of the Havre Natural Gas Co., and to other members of that com- 
pany for information concerning their operations and for the gas 
analysis on page 74. 

GEOLOeiO 70EMATI0NS EXPOSED IK THE VICINITY OF HAVBE. 



I 



Three of the six Cretaceous formations present in north-central 
Montana crop out along the Milk River valley in the vicinity of 
Havre. These are the Claggett shale, the Judith River formation, 
and the Bearpaw shale. (See table, p. 53.) Because of the thick 
cover of glacial drift over all the level areas in the region, the expo- 
sures of these rocks are limited to the steeper slopes along the 
stream valleys and coulees. There they are well exposed in freshly 
eroded badlands, in which the identity of the various units is readily 
f determinable. 

The Claggett shale, the oldest formation in this vicinity, is exposed 
^ly in the faulted areas lying west of Havre. It consists of soft 
dark-gray clay shale, about 285 feet thick, characterized through- 
out by an abundance of the glassy crystals of selenite, a variety of 
gypsum. The thickness given was obtained in sec. 8, T. 34 N., R. 
13 E., where the only complete section of the formation so far found 
in the Milk River valley is exposed. The shale weathers to a dark 
gumbo soil that becomes very tenacious when wet. Its most extensive 
outcrop in the Havre district is in the lower part of Meili Coulee, 
about 5 mUes northwest of Havre, where it is well exposed north of 
the fault in that vicinity. (See map, PI. V.) 
[ The Judith River formation is the most extensively exposed for- 
ttiation in the region and crops out in the badlands that extend for 
^ many miles along the Milk River valley. It is composed of light- 
^'ored clay, clay shale, and sandstone containing lenticular coal 
"®ds near the top and a few thin seams at the base. Soft clay beds 
^*fce up the bulk of the formation, and the rapidity of erosion in 
**^®^ soft strata has produced the extensive badlands. The sand- 
^^Xes are cross-bedded and ripple marked, but in no place are they 
^^^'^istent enough over considerable areas to serve as key rocks. Fos- 
^ shells of fresh and brackish water types are present at many 
/^^izons. The coal has burned along the outcrop, baking and fusing 
^ overlying beds into prominent brick-red scoria or clinker, a com- 
^^^ feature in the badlands of Montana, where coal or lignite beds 
^ present. These "bumt-rock streaks" are cV^axVy Axj^fc Ici >i\v\^ 
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cause, being present only at the coal horizons, and should not be 
attributed to the burning of oil-bearing shale, as has been maintained 
by persons interested in the oil prospects of the region. 

The best exposures of the Judith River formation in the vicinity 
of Havre are on the north side of Milk River, where all the coulees 
leading to the river valley show continuous outcrops of these rocks. 
The total thickness of the formation in the vicinity of Havre is about 
480 feet, according to a measurement made by V. H. Bamett in 
1908 across the upturned edges of the formation, the Claggett shale 
appearing below and Bearpaw shale above, as exposed 3 miles west 
of Havre, near the mouth of Beaver Creek on the south side of the 
railway. This is the only exposure known in the Milk River valley, 
where a complete section of the Judith River beds apparently not dis- 
turbed by faulting can be measured. 

The Bearpaw shale conformably overlies the Judith River forma- 
tion. It is a dark gumbo-forming shale, very similar to the Clag- 
gett, and is the youngest purely marine formation in northern Mon- 
tana. It is not distinguishable either by its fossils or by the char- 
acter of its rocks from the Claggett unless a complete stratigraphic 
section is present and its position above the Judith River can be 
definitely determined. In the vicinity of Havre it is exposed only 
on the south side of Milk River, where it appears in numerous iso- 
lated areas, in most of them associated with faults. All these 
areas are shown on the map (PL V). Not more than 350 feet of 
this shale is present in the area mapped, although the total thickness 
of the formation is much greater. 

Glacial drift covers a large part of the area in the vicinity of 
Havre, completely obscuring the structure of the underlying Cre- 
taceous formations and therefore greatly increasing the difficulty 
of prospecting the area for gas and oil. The gravel and bowlder 
clay of this cover of drift are irregular in thickness but in places 
probably measure over 100 feet. They form the surface of all the 
areas shown without shading on Plate V. The areas along Milk 
River and its principal tributaries mapped as occupied by alluvium 
contain recent stream deposits of sand and silt and a little gravel. 

EAGLE SAKDSTOVE AKD COLOBADO SHALE. 

« 

The Eagle sandstone and Colorado shale are not exposed in the 
vicinity of Havre, but they underlie most of the area within reason- 
able drilling depths and seem to offer the best possibilities for obtain- 
ing gas and oil. The large flow of gas obtained by the Havre Natural 
Gas Co. comes from the Eagle sandstone and proves that important 
(piantities of gas are present in that formation. It is noteworthy 
that the gas at Medicine Hat, about 115 miles northwest of Havre, 
Is produced from sands at the same geologic horizon. 
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The exposures of the Eagle sandstone nearest to the Havre area 
lie about 25 miles to the northwest, on Milk River, in T. 34 N., R. 
13 E. Here, in the W. i sec. 8, the sandstone is brought to the sur- 
face in a prominently faulted area, shown on Plate VI. A section 
across the upturned strata, which strike N. 34® E. and dip 31® SE., 
is as follows: 

Section of Eagle sandstone in W, ^ sec. 8, T. S4 N., R, IS E. 

Claggett shale. 

Eagle sandstone : Feet. 

Sandstone, buff, indurated, with a e-inch pebble bed near 
the middle 23 

Shale, carbonaceous, brown to black 15 

Clay shale, gray, with thin bands of buff sandstone 220 

Sandstone, very massive, almost white 30 

Sandstone, very massive, light grayr cross-bedded 100 

Bottom not exposed. 

388 

An inspection of the above section shows that the formation is 

composed essentially of two sandstone members, with a thick shale 

member between them. The sequence and character of the beds are 

identical with those of the same formation in the Missouri River 

section. The thickness, however, is somewhat greater. The 130 feet 

of massive sandstone at the base of the section corresponds to the 

Yirgelle sandstone member of the Eagle and apparently differs little 

from that member in the type section on Missouri River, the 30- foot 

white sandstone being especially like tiie white sandstone forming 

"the stone walls" on the Missouri. 

The details of the Colorado shale are not known in the vicinity of 
Havre. The formation has not been drilled through so far as known, 
but its main features are not likely to be very different from those it 
exhibits generally in north-central Montana, as described on pages 
56-58. The presence of sandstones in the lower half of the Colorado 
shale, shown in the section on Plate V, is entirely inferential, being 
assumed from the general prevalence of sandstones in the Colorado 
ifi all parts of north-central Montana. 

STBUOTTJRE. 

^ain featwres. — ^The dominant structural feature in the vicinity 
^f Havre is a belt of deformation in which the rocks are folded and 
«ulted, extending about 15 miles in a northwesterly direction across 
^® district. This belt is one of many of similar character and pro- 
portions on all sides of the Bearpaw Mountains. The deformation 
*t its southeast end, on Boxelder Creek, seems to have produced two 
P&i^llel gentle anticlines, here referred to as the Boxelder anticlines, 
farther northwest the movement in the rocks appears to have been 
tefcen up by several parallel faults that have appTOX\m!aXi5\5 VJcv^ ^^\sva 
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trend as the anticlines. The most extensive of these is the B 
fault. (See sections on PI. V.) 

Boxelder anticlines. — ^The extensive exposures of the Judith B 
formation along Boxelder Creek and the adjoining coulees s 
two parallel anticlines extending across sees. 8, 9, 16, and 17, T. 3S 
B. 17 E. The outcrops affording the best exposures of the north a 
cline appear in the coulee that runs northward near the cento 
sec. 9. On the north side of the anticline dips of 4° NE. are appal 
on the south side the dips are at a maximum of 5° SW. These i 
outline a rather narrow-crested fold, trending in a northwest 
direction. The dips outlining the south anticline appear on the 
slopes of Boxelder Creek in sees. 8 and 17. In the SW. J sec. 8 tl 
is an average dip of 4° NE. in the Judith River beds on the north 
flank of the anticline. On the opposite flank the average di] 
about 10°, as is shown in" exposures in the SE. J sec. 17. 
Bearpaw shale is shown in two isolated outcrops surrounded 
glacial drift in the S. i sec. 17 and seems to come in normally a1 
the Judith River formation. Southwest of these outcrops there 
probably some faults parallel with the general trend of the a 
clines, for the next rocks exposed to the southwest are the Ju 
River beds, in such an attitude that the presence of a sharp sync] 
fold with an axis lying near the outcrops of the Bearpaw shale 
not seem probable. The axes of the two Boxelder anticlines 
closely parallel. Their limits on the northwest and southeast 
not determinable because of the cover of glacial drift, but they 
doubtless parallel to the general trend of the Meili fault, and t 
extension toward the immediate vicinity of Havre, where the L 
quantity of gas has been found, is very probable^ 

Meili fault. — ^The Meili fault is the principal one of a grouj 
parallel faults trending approximately N. 70° W., northwest 
Havre. It can be traced continuously, except for several short i 
ered stretches, for 2 miles, beginning at the edge of the alluviuu 
the NE. i sec. 34, T. 33 N., R. 15 E., and extending to the west 
of sec. 28 of the same township. To the southeast, under the a 
of the extensive tract of alluvium along Milk River, it may ex< 
a considerable distance parallel with the minor faults that 
exposed on the adjacent sides of the Milk River valley. That 
fault may extend as far southeast as the center of sec. 5, T. 32 
R. 16 E., a point about half a mile north of Havre, is suggestec 
the small exposure of the Claggett shale lying in normal relat 
beneath the Judith River strata in the NW. i sec. 5. This expa 
of the Claggett is probably part of a larger tract uptilted by fa 
ing, but now concealed by alluvium, and is comparable with the i 
of the Claggett shale on the north side of the fault in Meili Coi 
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On the north side of the Meili fault at the place where it crosses 
Meili Coulee near the south line of sec. 28, T. 33 N., R. 15 E., there 
is a large area of the Claggett shale faulted in part against the 
Judith River beds and in part against the Bearpaw shale. The 
maximum stratigraphic displacement along this fault is about 800 
feet. The dips in the area of the Claggett shale along Meili Coulee 
are all northeastward. They average about 5° near the fault, but 
farther north, near the middle of sec. 28, they become steeper, an 
observed dip of 16° being noted, and still farther north, about IJ 
miles from the fault, the dip has flattened to 1°. The structure thus 
shown is in effect that of a broad anticline which has been cut on 
the south by the Meili fault. (See section A-A', PL V.) South of 
the Meili fault, at the same locality, the dips are also to the north, 
averaging as high as 40°, but a short distance to the southwest they 
reverse, making a sharp anticline, beyond which the beds assume 
a horizontal position. 

West of sec. 28 the Meili fault may be continuous, though it 
changes slightly in trend, to a direction more nearly west, with the 
fault that crosses the coulee near the center of sec. 29, which also 
brings the Claggett shale into contact with the Judith River forma- 
tion. A quarter of a mile north of the latter fault is a closely folded 
anticline that follows the trend of the Meili fault and extends north- 
westward as far as Supenau Coulee, a distance of over 3 miles. This 
fold is much covered by glacial drift between the coulees, but the 
close alignment of all the exposed parts makes their unity very 
probable. The dips on either flank of this anticline are steep but 
irregular, ranging from 18° to 75° on the north side of the fold and 
from 13° to 38° on the south side. 

Minor faults near Havre. — ^Two faults paralleling the Meili fault 
and extending through sees. 35 and 36, T. 33 N., R. 15 E. (see PI. 
V), have a much smaller throw than the Meili fault and do not at 
any point bring the Claggett shale to the surface. As in the Meili 
fault, the dips on the north side of these breaks are northward, 
away from the faults, and the degree of tilting is similar to that 
along Meili Coulee. 

West of Havre, just south of the railway, faulted beds are exposed 
across sees. 1 and 6 in steeply tilted blocks which are visible from 
the west end of the town. The formations involved include the 
Claggett, Judith River, and Bearpaw. The trend of the faults and 
the strike of the beds in this disturbed area are all apparently 
parallel to the trend of the Meili fault. The beds north of the 
northern fault dip between 30° and 45° S. The tilted block north 
of this fault, if the strike continues, extends beneath Havre under 
the area covered by alluvium. Thi§ fact makes it probable that thQ 
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gas well near the brewery at the west end of the town is located in 
tilted beds, and there is also some likelihood that the well at the 
east end of the town is in the same tilted block. South of the fault 
just mentioned the beds tilt northward, so that the structure here 
is in effect that of a syncline, broken along its axis by a fault. 

GAS DEYELOPXEHTS. 

The gas in the well at Fort Assinniboine was encountered at a 
depth of about 1,200 feet.* The pressure was not great. The gas 
burned freely when lighted, but the flow lasted only a few days. 
It is probable that the bed yielding this gas was in the Eagle sand- 
stone. The rocks penetrated in this well are shown in the following 
log: 

Log of well drilled by the Quartermaster's Department^ United States Army, at 
Fort AsMinniboine, Mont., between June^ 1892, and November, 18V3, 

[Altitude of surface, about 2.660 feet.] 



Probable formation. 


Driller's description of the rock. 


Thick- 
ness. 


Depth. 


Glacial drift. 


Clav. STftvel. and sand ,,„,..,,-.,,,. ^ , 


Fea. 
65 


Feet. 
66 








Bearpaw shale. 


Soft erav slate rock 


375 


440 








Black shale, with small portion of coal mixed 


30 
108 
312 


470 


Judith River formation. 


Gray Are clay, slate, ancf soapstone mixed 


678 




Shale, white and black clay mixed 


800 








Clagfrett shale and Eagle sand- 
stone. 


Slate, soapstone, and chalk mixed 


170 
440 


1,060 


Soapstone. very soft, porous, and full of seams 


1,500 









The bedrock formations over a large area in the vicinity of the 
well are concealed by glacial drift, and therefore there is some un- 
certainty as to the formations pierced by the drill. The 375 feet of 
" soft gi'ay slate rock " lying immediately below the gravel and sand 
of the glacial drift is very likely the Bearpaw shale. This is made 
fairly certain by the presence of the 30-foot member described as 
" black shale, with small portion of coal mixed," which, overlying a 
considerable thickness of gray rocks, is very likely the coal zone at 
the top of the Judith River formation. With these two formations 
determined the remainder of the log would follow in sequence as 
indicated above, unless the strata are much disturbed. The consid- 
erable thickness of material at the bottom of the well described 
"soapstone, very soft, porous" very likely absorbed the drillin, 

* Personal communication from Brl^. Gen. J. F. Morrison, U. S." Army. 
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water rapidly and, it seems probable, is the sandstone of the Eagle. 
True soapstone could not be described as porous and would not take 
up the drilling water. 

The well at the west end of Havre, near the brewery, was drilled 
to a depth of 1,370 feet. Gas was obtained at 900 feet and again 
at the bottom of the hole, but each flow was small. The gas at 
the bottom of the hole gave a closed pressure of 540 pounds after 36 
hours. The well at the east end of Havre, at the race track, is 1,285 
feet deep. It yielded some gas at 885 feet and a larger flow at the 
bottom, which was estimated to be less than 1,000,000 feet a day. 
The gas from the lower sand gave a maximum closed pressure of 
540 poimds in 24 hours. 

The principal gas well of the Havre Natural Gas Co., brought in 
early in July, 1915, is in the SE. i sec. 33, T. 33 N., R. 16 E., about 2 
miles northeast of Havre, just south of the Great Northern Railway. 
This well is on a low terrace overlooking Milk River, in a large area 
in which the bedrock formations are concealed either by the alluvium 
along the river or by the glacial drift on the higher slopes, making 
it impossible to decipher the rock structure in the immediate vicinity 
of the well. However, as indicated by the surrounding exposures, 
it is very probable that the Judith River formation immediately un- 
derlies the glacial drift in most of this area. This well is 947 feet 
deep and at the bottom obtained a large flow of gas which was 
roughly estimated, by taking minute pressure readings, to amount 
to 10,000,000 feet in 24 hours. This method of obtaining the open- 
flow volume of a gas well is unreliable, and the figures are therefore 
only approximate. The initial closed pressure of this well in July, 
1915, was about 490 pounds to the square inch. No later readings 
have been obtained. 

The rocks encountered in drilling this well were described to the 
writer in a general way by Dr. Wright, of the Havre Natural Gas 
Co. There seems to be little reason to doubt that the drill went 
through part of the Judith River formation, all of the Claggett, and 
part of the Eagle sandstone. The estimated stratigraphic position 
of the first rocks encountered below the glacial drift is about 400 feet 
above the base of the Judith River formation. If the thickness of 
the Claggett shale is taken as 285 feet and that of the Eagle sand- 
stone as 390 feet, the bottom of the hole is about 100 feet from the 
base of the Eagle sandstone and hence is probably in the Virgelle 
sandstone member of the Eagle. ^ 

An analysis of the gas from this " gusher " well was kindly fur- 
nished by the Havre Natural Gas Co. and is given below, together 
with one of gas from Alberta for comparison. 

43768**— Bull. Wl— 17 6 
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Analyses of natural gas from Havre, Mont,, and Medicine Hat, Alberta, 

[AnaXysts not knGfwn.] 



Carbon monoxide (CO). . . 

Metliane(CIl4) 

Nitrogen (N) 

Hydrogen sulphide (H9S) . 



Heating x^alue per cubic foot (British thermal units) . 



Havre. 



aao 

94.80 
&00 



loaoo 



9n 



Medicine 
Hat.a 



90.49 



loaoo 



• Clapp, F. G., and others, op. cit., vol. 1, Table 12. 

The analysis in the first column is that of a " dry " gas from which 
little or no gasoline could be extracted by freezing tests and which 
is very similar to that obtained at Medicine Hat, being composed 
chiefly of methane and not containing any of the higher series of 
hydrocarbons. The heating value given is too low for that of a 
natural gas containing 95 per cent of methane, and therefore there 
may be an error either in the determination of heating value or in 
the analysis. A recent analysis of this gas by G. A. Burrell, of the 
Bureau of Mines, gave the following : Heating value, 1,036 British 
thermal units ; methane, 97.3 per cent ; nitrogen, 2.7 per cent. 

A comparison of the results of this large gas well with those 
of the wells drilled at Medicine Hat is of interest because the gas 
obtained at the two localities comes from the same geologic forma- 
tion. At Medicine Hat, in December, 1913, there were 16 municipal 
wells between 1,000 and 1,300 feet deep, having an open-flow capa- 
city of 43,200,000 cubic feet a day, according to a statement by the 
city engineer. The production of the largest of these wells from 
a 10-inch aperture was 6,000,000 feet a day, but the average yield is 
between 2,000,000 and 3,000,000 feet. There are also in this field 
several wells, owned by manufacturing companies, concerning which 
data are not available. The development of these gas resources has 
led to a rapid industrial expansion at Medicine Hat. 

PROBABLE EXTENSION OF THE FIELD. 

The gas pool in the district about Havre will probably have its 
greatest extension in a direction S. 70°-75° E. This statement can be 
made with considerable certainty, because (1) the single dominant 
uplift in the district has this trend, and (2) the strong flow of gas 
encountered is with little doubt located on or near this uplift. If 
this strong flow should prove to be short-lived the location is proba- 
bly too far down the flank of the inclined strata present. The terri- 
tory- nlong the axes oi the two Boxelder anticlines and along the 
probable extension of these axes, especiaWy. ivoTt\v^^i^^^TA. Ww^xd 
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Havre, seems to offer the best chance for further extension of the 
field. On the north side of the Meili fault the area of tilted beds 
occupying parts of sees. 27, 28, and 34, T. 33 N., R. 15 E., seems to 
be favorable, with a chance of getting gas at comparatively shallow 
depths. There is also a probability of getting oil and gas in these 
areas by drilling for sands in the lower part of the Colorado shale 
at depths of 2,000 to 3,000 feet, the depth depending on the location 
on the folds. 

EXTENT TO WHICH FATTLTS HAVE PEBHITTED THE ESCAPE OF GAS OR OIL. 

The extent to which faults have unsealed any deep-seated sands 
containing gas or oil and have therefore allowed much of their con- 
tents to waste is an important problem in the Havre district and 
in all of the area surrounding the Bearpaw Mountains where faults 
are generally prevalent. All the evidence at hand seems to indicate 
that in the soft Cretaceous formations of the Rocky Mountains and 
the Great Plains faulting can at the most only slightly unseal the 
underlying sands. This seems to be especially true of the sands in 
a thick mass of soft marine shale, such as the Colorado shale. In 
Wyoming this is shown by the fact that many of the producing 
anticlines are faulted, some of them to a considerable extent. In 
the Calgary region. Alberta, a 2,000,000-foot flow of gas obtained 
from an area of much faulted rocks in the disturbed belt^ adjacent 
to the Rocky Mountains is further proof that gas can accumulate in 
faulted rocks, if the formations are composed of soft materials. The 
well at the west end of Havre, at location No. 2, seems to offer proof 
of this also, for although it is situated close to two faults of consid- 
erable throw, it contains gas which had an initial closed pressure 
of 540 pounds to the square inch. 

0HAK0E8 OF SirCCESS BY RANDOM DBILLIHO IN THE MILK BIVEB VALLEY. 

A successful oil or gas well invariably leads to a popular belief 
that the hydrocarbons are to be found under all lands in the district 
in which it is situated, and that drilling at random locations in that 
district is certain to be successful. In the Milk River valley, through- 
out which the geologic features remain much the same, five deep 
borings have been put down at random locations — three at Havre, 
one at Chinook, and one at Fort Assinniboine. Only one of the five 
was successful, and there is no reason to believe that drilling at hap- 
hazard locations will be any more successful over the remainder of 
the area. The only possibility of decreasing this percentage of dry 
holes outside of the proved territory is by a better iiuderst«Lwd.\w^ ^1 

^Oapp, F, O^ and others, op. clt., vol. 2, p. 2%^. 
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the lay of the rock strata and its influence on the accumulation of 
oil and gas. 

OTHER AREAS OF TILTED AND FOLDED ROCKS NORTH OF THE BEARPAW 

MOUNTAINS. 

Areas of tilted and folded rocks in the region north of the Bearpaw 
Mountains are shown on Plate VI. Structure similar to that at 
Havre has been noted in at least 11 widely scattered localities. In 
much of the area lying between these faulted tracts the hard rocks 
are covered by glacial till and their structure is therefore not known, 
but it is possible that other anticlines or tilted blocks as extensive as 
those represented on the map are present in the region. However, 
large areas are certainly imderlain by rocks that are nearly or quite 
horizontal. Outside of the Havre district no developments of oil or 
gas or even indications of these substances have been found in the 
area shown on Plate \^. In the following pages the principal 
features of these areas of tilted beds will be described, beginning with 
the northernmost tier of townships and progressing southward. 

T. 87 H., R. 15 E. 

On Signal Butte, in the west half of T. 37 N., R. 15 E., an anti- 
cline, broken along its crest by faulting, extends in a direction 
approximately N. 25° W. This anticline can be traced very clearly 
for about 2 miles, and there is a possibility that it extends for several 
miles more under the glacial drift. The exposures on the east side of 
Signal Butte are excellent. They show the Judith River formation 
with its coal zone lying near the top, together with 200 feet of the 
imderlying beds. The Bearpaw shale appears normally above the 
Judith River formation on either flank of the broken fold. The 
structure is clearly anticlinal — ^that is, the beds dip away on both 
sides from a middle axial line, although there is some displacement 
by faulting along this axis. On the northeast side of the anticline the 
dips close to the fault line range from 10° to 32°. Toward the 
east they flatten rapidly, and about a mile from the fault the strata 
lie nearly horizontal. On the west side the beds do not dip so 
steeply, the average dip being not over 12°, except in a few irregu- 
larly disturbed tracts. In the S. i sec. 20, on the fault cutting the 
crest of the anticline, there is a spring whose surface is covered with 
a thick film of reddish-brown ferric hydroxide. This material should 
not be mistaken for oil. No signs of oil or gas were found in the 
vicinity. A cross fault in the S. i sees. 19 and 20, nearly at right 
angles to the trend of the broken anticline, forms the south boundary 
ofn block of Judith River beds which are tilted to the northeast at 
angles of 6^ to 13^, This tilted block \ies \xv ^^xvoiosAow^ t^\^\aows to 
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the faulted anticline just described and covers an area of nearly 4 
square miles. 

T. 86 H.. R. 14 E. 

In the east half of T. 36 N., E. 14 E., mainly in sees. 11, 14, 22, 
and 23, there is a tilted block of rocks having an average dip of 
about 8°, bounded on the northwest side by a fault. On the whole 
the exposures in this vicinity are not good, the limits of the tilting 
being hidden either by glacial drift or alluvium. The best ex- 
posures appear on the northward-facing slope in the N. J sec. 23. 
Practically all of the Judith River formation is exposed along this 
slope, and there is probably a little Claggett shale at its west end. 
The dips for the greater part of the distance average between 7** 
and 8°. Near the top of the Judith River there is a local dip of 28°, 
but this flattens to about 9° a short distance farther southeast. The 
Bearpaw shale appears on this slope in normal relations above the 
Judith River beds and is exposed to the southeast across almost all of 
sec. 24. The actual extent of this tilted block can not be deter- 
mined, but to judge from the area of the exposed portion it seems safe 
to say that, as indicated on the map, it extends at least 2 miles in a 
northeasterly direction. 

T. 85 H., R. 18 E. 

In the west half of T. 35 N., R. 12 E., the rocks are uplifted and 
tilted to the southeast by a fault that has a general trend of 
N. 25® W., and extends from Milk River near the southeast corner 
of sec. 14 northwestward for at least 4 miles, crossing sees. 6 and 7 
of the township adjoining on the east. On the northwest side of 
the fault the area is occupied by the Judith River formation, which 
lies approximately horizontal for many miles to the northwest, and 
the beds are undisturbed, even in close proximity to the fault plane. 
On the southeast side the beds are tilted to the southeast in an area 
occupying 4 to 5 square miles. The Claggett shale is the lowest 
formation exposed in this area and crops out in a belt that averages 
a quarter of a mile in width adjacent to the fault and is traceable 
as far as the fault is exposed. Southeast of the Claggett outcrop 
is the lower part of the Judith River formation, with a persistent 
thin coal bed at the base in normal relations to the Claggett shale. 
The highest dip (60°) in this tilted block was observed in the 
Claggett shale in sec. 14. The average dip is not over 40°. North- 
east of this area, in sees. 12, 6, and 7, the dips in the Claggett shale 
at the same position with reference to the fault do not average more 
than 20° to 25°. In sec. 14 the beds are approximately horizontal 
within three-fourths of a mile of the fault. Farther north the 
distance from the fault to practically horizontal beds is somewhat 
greater, but nowhere is it more than 1 mile. 
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T. 85 H., K. 14 E. 

On the upper end of Red Rock Coulee, in T. 35 N., R. 14 E., there 
is a tilted block of strata between two parallel faults extending for 
4 miles in a northeasterly direction. The areas northwest and south- 
east of the two faults bounding this block are underlain by the 
Bearpaw and Judith River formations, for the most part nearly 
horizontal. Between the faults the rocks are considerably tilted, and 
the steepest dips are on the southeast edge of the block, where dips 
in the Bearpaw shale and in the coal zone in the upper part of the 
Judith River formation range from 35® to 70®. On the northwest 
edge of the block the dips are much less, the observed readings vary- 
ing from 6® to 14®. The lowest rocks (the upper part of the Clag- 
gett shale) are exposed in sec. 30. Southeast of this point the full 
thickness of the Judith River beds is present, followed in the SW. J 
sec. 29 by a small amount of the Bearpaw shale. 

T. 85 H., K. 16 E. 

In T. 35 N., R. 16 E., near the head of a small coulee tributary to 
Red Rock Coulee, there is an area of tilted beds that strike about 
N. 65® E. These beds dip to the southeast at an average angle of 
about 20®, although readings as high as 37® were observed. The 
lowest beds exposed are those of the Claggett shale, which are fol- 
lowed in normal sequence by the Judith River formation with its 
coal zone at the top, which is well exposed. Southeast of the coal 
outcrops, near the south side of sec. 14, the Judith River beds are 
folded into a shallow syncline that lies on the south edge of the tilted 
block. Beyond this syncline the area is entirely covered with glacial 
drift. The extent of this tilted block in the direction of the strike 
is very uncertain because of the general cover of glacial drift, which 
makes it impossible to follow the exposures beyond the sides of the 
coulee. 

T. 84 H., K. 18 E. 

In the northeastern part of T. 34 N., R. 12 E., on Milk River, 
there is a fault trending about N. 55® E., which is exposed on both 
sides of the river valley and extends an unknown distance under the 
drift to tlie northeast and southwest. Northwest of this fault, up 
Milk River, the only formation outcropping for many miles is the 
Judith River, which lies nearly horizontal even in close proximity 
to the fault plane. Southeast of the fault for a distance of over a 
mile the strata are tilted to the southeast The Claggett shale is the 
oldest formation exposed on this side, and overlying it are the Judith 
River beds in normal sequence, with a thin coal bed near their base. 
Within 1.500 feet of the fault the observed dips range from 85® to 
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60*^. Farther away the dips flatten rapidly to 10° and then gradually 
lessen until the strata are nearly horizontal. The exposed rocks in- 
volved in this tilting occupy an area of about 3 square miles, but the 
total area may be much greater, including extensions under the cover 
of glacial drift. 

T. 84 H., R. 18 E. 

In T. 34 N., E. 13 E., there are three tilted blocks identical in form 
and nearly parallel to those in the adjoining townships to the west 
and the northwest, already described. Each block is separated by 
a fault trending northeast from a considerable area of nearly hori- 
zontal rocks on the northwest. The northernmost of these tilted 
blocks cuts across Saddle Butte, extending from sees. 18 and 19 to 
sees. 4 and 5. Practically all of the Eagle sandstone is brought up 
by the faulting. This occurrence is noteworthy, as it is the only 
outcrop of the Eagle formation in this part of the Milk River val- 
ley. The Eagle is the lowest geologic formation exposed in the area 
covered by Plate VI, and the section given on page 69 was meas- 
ured at this point. The full thickness of the Claggett shale and 
the lower part of the Judith River formation, with a thin coal 
bed near the base, are also exposed. The dips in the zone occupied 
by the Eagle and Claggett in this faulted area in the first quarter 
of a mile southeast of the fault vary from 45° to 15°. Beyond this 
they rapidly become less, and a mile from the fault the beds lie nearly 
horizontal. 

About 3i miles southeast of the fault just described there is a 
similar fault crossing the Milk River valley and extending from the 
W. J sec. 22 northwestward as far as sec. 1, a distance of a little over 
3 miles. The extent of this fault beneath the glacial drift beyond 
these limits can not be determined. According to Pepperberg,^ the 
Claggett shale is the lowest formation brought to the surface in this 
faulted uplift. The beds on the northwest side of the fault are 
nearly or quite horizontal for several miles to the northwest. On 
the southeast side the dips appear to be irregular, varying from 14° 
to 60®. Farther southeast the beds flatten to a nearly horizontal 
position within a mile of the fault. 

Farther down the Milk River valley the Judith River formation, 
lying nearly horizontal, is exposed on both sides of the valley as 
far as the center of sec. 36 and is the only formation exposed in this 
territory. Half a mile above Brown's ranch there is an anticline, 
broken to some extent by faulting, here referred to as the Browns 
Coulee anticline. This anticline trends in a northeasterly direction 
and extends several miles into the township adjoining on the east. 
An account of it is given under the next heading. 

^ Unpublished data. 
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T. 84 N., R. 14 E. 

From the west bank of Milk River, in sec. 36, T. 34 N., R. 13 E., 
the Browns Coulee anticline is well exposed, with minor interrup- 
tions, for a distance of about 3 miles, as far as the east side of 
Browns Coulee, in sec. 32, T. 34 N., R. 14 E. How much farther 
northeast and southwest it extends under the drift-covered prairies is 
not known. Beginning on Milk River in the southeast corner of sec. 
36, its axis trends N. 65® E., passing a few rods south of the east quar- 
ter corner of the section. Continuing northeastward it crosses the 
north branch of Browns Coulee about 700 feet north of the center 
of sec. 31. In the main branch of Browns Coulee, in the NW. J 
sec. 32, the crest of this fold is broken by a fault of relatively small 
throw, the dark shale of the Claggett abutting against a massive 
brown sandstone at the base of the Judith River formation, but the 
essential anticlinal nature of the structure, the strata dipping in op- 
posite directions from a medial line, still prevails. The Claggett 
shale, according to Pepperberg,^ is the lowest geologic formation ex- 
posed on the Browns Coulee anticline. The observed dips on the 
north limb of the fold range from 20® to 55® within half a mile of 
the axis ; on the south limb the recorded dips range from 10® to 50®, 
The north limb is somewhat the more steeply tilted of the two. The 
total distance in a direction transverse to the axis of this anticline 
between the beds lying nearly horizontal on the north and those in 
the same attitude on the south is about IJ miles. 

TILTED AND FOLDED ROCKS NORTH OF CHINOOK. 

T. 84 H., R. 19 E. 

On Lodge Creek, in the southwestern part of T. 34 N., R. 19 E., 
the Claggett and Judith River formations are tilted about 25® S. 
in an area covering parts of sees. 19, 20, 29, and 30 and probably ex- 
tending a short distance into the township adjoining on the west. 
The fault that produced this tilting crosses the river valley near the 
south quarter corner of sec. 19 and trends N. 17° E. There are no 
exposures on Battle Creek, where this fault, if extended, would cross 
the valley. The prevailing cover of till and glacial drift makes it 
impossible to determine how far the tilting continues. 

In the southeastern part of this township there is an anticline 
whose axis trends northwest. It is very poorly exposed and seems 
to merge into a fault, which becomes prominent in the township to 
the south. The most definite indications of this fold are in the 
vicinity of the southwest corner of sec. 23, where the axis trends N. 
30° W. and is outlined by opposite dips appearing on both sides of 
tlie valley of Dry Fork Creek. The fold is probably closely com- 
pressed. The observed dips on the east limb range from 20** to 75® 

^ Unpublished data. 
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and those on the west limb from 4° to 30°. In the S. i sec 35 there 
is a fault in the position that would be occupied by the anticlinal fold 
above mentioned if it were extended. This fault, however, trends 
more nearly north and causes the Judith River beds, dipping 11° 
W., to abut against the Bearpaw shale. 



T. 88 N., R. 19 E. 

On Battle Creek, in the northeastern part of T. 33 N., R. 19 E., 
there is a fault trending nearly north, which seems to merge into the 
axes of the small anticlines at each end of it. For the greater part 
of the distance along this fault the Judith River formation, which 
is the lowest geologic formation exposed, abuts against the Bear- 
paw shale, the Judith River beds appearing mainly on the west 
side of the fault and the Bearpaw shale on the east. The dips 
within a few hundred feet on either side of the fault appear to be 
very steep, the observed readings, according to Pepperberg,^ being 
as high as 65°, but the dips lessen both east and west of the fault 
line, and at a distance of one-half to three-fourths of a mile the 
beds lie approximately horizontal. On the east side of the fault 
the beds dip to the east at angles between 60° and 3°, according to 
the distance from the fault line, making the structure in effect anti- 
clinal — that is, the beds dip in opposite directions from a medial line. 

The only drilling operation in this part of the Milk River valley 
whose record is available was undertaken at Chinook in July, 1890. 
The well was drilled to a depth of 960 feet * by the town of Chinook 
in an attempt to develop artesian water. At the bottom of the 
bore, in a 6- foot stratum of blue clay, gas and petroleum were re- 
ported. Water was encountered at several horizons, of which the 
lowest, at 540 and 620 feet, yielded salt water. The log of this well 
is as follows : 

Log of well at Chinook, Mont, 

[Elevation, 2,404 feet.] 



Probable formation. 



Glacial drift. 



Claggett shale or Colorado 
abate (?). 



Driller's description of the rock. 



Contents. 



Loam and sand Water. 

Stone bowlders 



Stiff clay , 

Sandstone 

Blue clay 

Sandstone 

Blaeday 

Blue clay, Interspersed with thin strata 

of lime and sandstone, soft mud. 
Blue clay 



Water. 



Saltwater... 
Saltwater.l! 



Gas and pe- 
troleum. 



Thick- 
ness. 



Fed. 

112 

12 



96 

2 

318 

78j 
330 



6 



Depth. 



Feet. 
112 
124 



220 

222 

540 

541) 

620 

950 



956 



1 tTnpnbllBhed data. 

• Nettleton, E. 8., Pinal report on artesian and underflow investl¥;atloii lo 1\\^ ^^«^\»ct^ 
of Agricultiipe ; 62d Cong., lat aeaa., 8. Ex. Doc. 41. pt. 2. pp. 12-1^, \«^*1. 
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T. 88 Nm R. 80 E. 

On Coal Creek, in the west half of T. 33 N., R. 20 E., there is 
fault whose trace makes a curved outline that can be followed, e: 
cept for several minor interruptions by drift and alluvium, f( 
about 3 miles across sees. 3, 10, and 14. According to Pepperberg, 
the Bearpaw shale is present over most of the northern part oJ 
this township, but the Judith River formation, the lowest exposei 
is brought to the surface along the southwest side of the fault. Th( 
observed dips in these beds, which are tilted to the southwest, ran^ 
from 3° to 20°. The exposures are poor, and the distance to whicl 
the tilting of the strata extends southwestward was not determined, 
but it is probably as much as three- fourths of a mile. 

AREA OF TILTED AND FOLDED BOCKS SOUTH OF THE BEABPAW 

MOUNTAINS. 

GENERAL FEATURES. 

In the vicinity of Missouri River south of the Bearpaw Moimtains 
there are many areas of tilted and folded rocks similar to those near 
Havre, already described. On Plate VII the largest and least 
disturbed of these areas of folded and faulted rocks, comprising ^ 
18 separate structural features, each of which may be of importance 
as a reservoir of oil and gas, are outlined. A considerable portion 
of the area lying north of Missouri River has not been examined 
geologically, but there are doubtless similar structural features in ^ 
these unsurveyed townships. Escapes of gas or seeps of oil have ^ 
not been recorded in any part of the region along Missouri River, 
nor are the records of any deep borings available. 

FAULTED AREAS IN THE VICINITY OF VIRGELLE. 

In T. 26 N., Rs. 11 to 13 E., in the vicinity of Virgelle, there are 
four areas of tilted rocks in which the Colorado shale is the lowest 
formation exposed. The westernmost of these tilted blocks is pro- I 
duced by a fault that crosses sees. 16, 17, and 18, T. 26 N., R. 11 E., 
extending from the west side of Missouri River along the coulee 
that enters the river near the center of sec. 16. This fault, according 
to E. R. Lloyd,^ trends N. 65® W., and is best exposed along the 
sides of the coulee in sees. 17 and 18. The Colorado shale is exposed 
southwest of the fault, where it dips to the southwest at low angles 
for half a mile to a mile beyond the fault line. On the fault line the 
lower shales of the Colorado have been carried upward against the 
Virgelle sandstone and the uppermost beds of the Colorado. The 
beds on the northeast side of the fault lie for the most part nearly 

* I'npubUslied data. 
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horizontal. A second fault, nearly parallel. with this one, and the 
largest of those present in the vicinity of Virgelle, extends from a 
point near the center of sec. 20, T. 26 N., R. 12 E., northwestward 
to a point near the south quai-ter comer of sec. 4, T. 26 N., R. 11 E., 
a distance of about 6 miles. This fault is well exposed in sec. 24 of 
the latter township, on the south bank of the Missouri. Here beds 
of the Colorado shale that dip as much as 43° abut against nearly 
horizontal beds of the Colorado shale, but the inclined beds flatten 
to nearly horizontal within about three-fourths of a mile. To the 
northwest the trend of this fault follows Missouri River very closely, 
but the fault is covered by the alluvium along that stream as far as 
the W. i sec. 10. From sec. 10 to its northeastern extremity the fault 
is again well exposed and has a trend identical w^ith that noted in 
sec. 24. A tilted block on the southwest, composed of Colorado shale, 
abuts against nearly horizontal Virgelle sandstone and the upper 
beds of the Colorado shale on the northeast. This fault can be 
traced for about 2 miles, into the township on the east, to a point 
where it is concealed under the cover of glacial drift. The trend 
changes to nearly east, as shown by the exposures near the center of 
sec. 20, T. 26 N., R. 12 E. 

In the north half of T. 26 N., R. 12 E., about 4 miles northwest 
of Virgelle, tilted rocks lie on the west side of a fault trending N. 40° 
E., which crosses Missouri River in the W. ^ sec. 3 and extends 
northeastward beyond the river for a short distance to a point w^here 
it is concealed by glacial drift. The dips near this fault are compara- 
tively steep, but they flatten rapidly, and within a mile of the fault 
plane the beds lie horizontal. 

The fourth area of tilted rock in the vicinity of Virgelle occupies 
a part of the west half of T. 26 N., R. 13 E., near the lower end 
of Lone Tree Coulee. The fault, which has uptilted the beds in 
this locality, trends nearly west across sees. 17 and 18 of this town- 
ship and is cut at several points by dikes of igneous rock. On the 
north side of the fault the beds are tilted northward at angles rang- 
ing from 23° to 60°, the steeper dips being near the fault, and the 
area of tilted rocks extends about a mile from the fault line. The 
Colorado shale, the lowest formation exposed, is overlain by the Eagle 
sandstone and Claggett shale in normal succession. On the south side 
of the fault the beds lie nearly horizontal, except in the S. | sec. 
17, where exposures in the Claggett shale on Lone Tree Coulee show 
a small anticline with dips of 3° on the west limb and 4° on the east 
and an axial trend approximately due north. This anticlinal axis 
probably meets the fault mentioned above near the center of sec. 
17. Its southward extent is not known because of the prevailing 
cover of glacial drift. 
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FAULTED AREAS ALONG JMUSSOURI RIVER BETWEEN EAGLE CREEK AND 

ARROW RIVER. 

In the west half of T. 25 N., R. 13 E., and in the township adjoin- 
ing on the south, there are two nearly parallel faults trending about 
N. 30° W. The northern fault can be traced continuously, except 
for several interruptions caused by the cover of glacial drift, from 
sec. 7 to the west bank of the Missouri in sec. 28. The tilted beds, 
which occupy an area extending about three- fourths of a mile south- 
eastward from the fault line, show dips that for the whole area may 
average about 15°. The Colorado shale is the lowest geologic forma- 
tion exposed and is overlain in normal succession to the southwest 
by the Eagle sandstone and the Claggett formation. The second of 
the two faults in this township crosses the NE. ^ sec. 31 in a direc- 
tion about N. 50° W. As in the faulted rocks lying immediately to 
the north, the Colorado shale is the lowest formation exposed in the 
tilted block southwest of this fault. The fault reaches the west 
bank of the Missouri in the NE. J sec. 4, T. 24 N., R. 13 E., where 
it finally disappears under the alluvium on the sides of the river. 
Its extent southeastward along the opposite side of the river is not 
known, that area not having been examined, but the trend of the 
fault is so closely in alignment with that of the extensive fault 
crossing the west half of T. 23 N., R. 14 E., that they are probably 
parts of a single fault. 

In the west half of T. 25 N., R. 14 E., there is an are^ of strata 
tilted to the northeast along a fault mapped by Bowen,^ trending 
about N. 50° W. These upturned rocks occur in a large area in 
which the Claggett shale is the principal formation. The Eagle 
sandstone, the lowest formation exposed, has been carried upward 
and lodged against the Claggett shale lying southwest of the fault. 
This fault is in many places concealed by the usual cover of glacial 
drift, but the best exposures are on Spring Creek in sees. 19 and 29. 
Where this fault crosses Eagle Creek, near the southwest comer of 
sec. 18, it turns to a direction N. 20° W. The area occupied by the 
tilted strata, so far as the exposures indicate, includes about 4 square 
miles. 

In the west half of T. 23 N., R. 14 E., and the townships adjacent 
on the northwest, west, and south, there is a fault over 12 miles long. 
In places this fault produces an anticline, as the dips are .in oppo- 
site directions on the two sides of the fault line. Most of the tilted 
beds, however, lie on the southwest side of the fault. The rocks 
affected by this long and somewhat irregular fault show at a num- 
ber of points where it crosses the watercourses. The northwest end 
of the fault is best exposed where it crosses Missouri River, in the 

< U. & Geol. Survey Bull. 641, pL 21, 1914. 
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S. i sec. 25, T. 24 N., E. 13 E. Here an area of tilted Colorado shale 
overlain by the Eagle and Claggett formations is exposed southwest 
of the fault, which trends S. 30° E. It next appears, with approxi- 
mately the same trend, along the watercourses in the W. i sec. 1, 
T. 23 N., B. 13 E., where the Colorado shale dips both to the south- 
east and the southwest from the fault line. From this locality the 
beds are covered by glacial drift as far as the crossing of the next 
coulee, in the W. i sec. 7, T. 23 N., R. 14 E. In the coulee at this 
point the Colorado shale and the entire succession of formations 
above it are again well exposed. Farther southeast the fault, trend- 
ing about S. 20° E., is still readily traceable by means of the numer- 
ous exposures in the drainage ways to the south side of T. 23 N., 
R. 14 E., crossing Flat Creek Pass in the N. ^ sec. 33. It continues 
southwestward as far as sec. 15, T. 22 N., E. 14 E., crossing the main 
valley of Flat Creek in sec. 10.- At this point there is a considerable 
area of tilted rocks on the southwest side of the fault, and the aver- 
age dip in the more steeply tilted beds is about 15°, but this gradually 
flattens and the beds are nearly horizontal about three-fourths of a 
mile to the southwest. At its southeast extremity, in sec. 15, this 
fault becomes very irregular, being lost in an area of much broken 
and disturbed rocks in sees. 13, 14, 23, and 24. 

Near the Tvest line of T. 23 N., R. 14 E., there is a well-developed 
fault that has a slightly curving trend but extends in a general 
northerly direction. In sees. 13 and 24 this fault appears along the 
west side of Missouri River, where the Colorado shale abuts against 
the Virgelle sandstone and the upper members of the Eagle forma- 
tion. The tilted strata, in which some petroleum or gas may have 
accumulated, lie east of this fault line, occupying a considerable 
part of the alluvium-covered areas along Missouri River. To the 
south the fault is much concealed by glacial drift, but in the N. ^ 
sec. 36 it is again well exposed, trending in a northeasterly direction 
across the valley of Flat Creek. The tilted strata here also lie on 
the east side of the fault, the Colorado shale and Eagle sandstone 
being carried against the Eagle sandstone and Claggett shale on the 
west side. The dips are between 15° and 20° in the steeper beds, 
but they flatten to approximately horizontal a mile or so east of the 
fault line. 

TII/FED ROCKS OF LOWER PART OF JUDITH RIVER. 

In the north half of T. 22 N., R. 16 E., there is an extensive fault 
cutting across the township with a trend about N. 65° W. South- 
west of this fault there is a tilted block which is the largest of those 
in the region along the Missouri River described in this report. 
The tilted beds are best exposed along Judith ^\\^t x's ^qs», \^^ W^ 
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14, and 15. At this locality the Colorado shale is the lowest forma- 
tion exposed and is succeeded to the southwest by the Eagle and 
Claggett formati(His, and part of the Judith Hirer, in normal suc- 
cession. The tilted beds extend southwestward from the fault line 
for a distance of about 2 miles. In the S. i sec 15 they are cut by 
21 small fault trending in a northeasterly direction, which probably 
meets the main fault near the west line of sec 12. Alcmg Missouri 
Biver near the north line of sees. 5 and 6, the main fault crosses 
Missouri Biver, bringing up the Colorado shale and the overlying 
formations. At this locality the area of tilted strata extends to the 
southwest about 1^ miles from the fault line. 

From sec. 6, T. 21 N., B. 16 E., a fault whose trace makes a 
slightly curved line extends eastward for a distance of over 12 miles 
into the townships adjoining on the east. On the north side of the 
fault there are tilted beds dipping about 8^ N. The best exposures 
of these tilted rocks are along Judith Biver in the S. i sec 2, T. 21 X., 
B. 16 E. Here the upper part of the Colorado shale, overlain by 
the Eagle sandstone and the Claggett formation, are brought against 
shale in the lower part of the Colorado. In T. 21 N., B. 17 E., this 
fault extends in a slightly curved line southeastward through sees. 
7, 8, and 16. In the N. i sec. 22 it is broken by several cross faults, 
but its extension continues eastward, makes a sharp curve toward 
the south, and extends northeastward about 1 mile into T. 21 X., 
B. 18 E., nearly to the northeast comer of see. 19. The beds on the 
north side of this fault dip northward at an average rate of about 7^. 

TILTED ROCKS ON DOG CREEK. 

At the mouth of Dog Creek, about 2 miles east of Judith post 
office, there is a thrust fault extending in a northerly direction, which 
crosses Dog Creek in the XE. ^ sec. 6, T. 22 N., B. 17 E. West of 
this fault, which extends to and probably crosses Missouri Biver, 
there is an area of about 2 square miles of tilted beds which dip 
to the west. In this area the Colorado shale, overlain by the full 
thickness of the Eagle and a part of the Claggett shale, is carried 
upward against the lower part of the Claggett formation. The 
dips near the fault plane vary between 6° and 12°. About half a mile 
west of the fault they become steeper, averaging between 20° and 30°, 
and still farther west the beds flatten and approach a horizontal 
attitude within 1 mile of the trace of the fault. 

In the north half of T. 21 N., B. 18 E., is a fault that extends 
across the township with a trend about X. 60° W. and brings a con- 
siderable block of tilted rocks, in which the Claggett shale is the 
lowest formation exposed, against nearly horizontal Judith Biver 
ZvyZr This fault crosses very near the northeast corner of sec. 6 and 
extends nbout 4 miles northwestward from t\\\s \)o\\\V.,VDteT»^ N*^ 
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R. 17 E. On the southeast it holds this trend to and beyond 
Dog Creek, in sec. 10, and is well exposed in the badlands along 
the creek. The tilted strata lie southwest of this fault and have an 
average dip of about 15^. Nearly horizontal beds are present within 
about 1^ miles southwest of the fault line. 

A fault that is probably a continuation of the fault last described 
extends due east from a point near the northwest corner of sec. 18^ 
T. 21 N., B. 19 E., for a distance of nearly 4 miles. On the south 
side of this fault there is a considerable area of tilted and slightly 
folded strata, in which the upper half of the Judith Eiver is the 
lowest formation exposed and is overlain normally by the Bearpaw 
shale to the south. These tilted beds are carried upward against 
nearly horizontal Bearpaw shale on the north side of the fault. A 
well-defined anticline in the tilted area on the south side of the fault 
was noted in sees. 17 and 18. Its axis passes through the center of 
sec. 18, with a trend about N. 75° E., and extends into the N. ^ sec. 17, 
where the trend changes to nearly east. On the north limb of the 
anticline the rocks dip between 7° and 35°, and the steeper dips 
occur close to the fault line. On the south limb the dips vary be- 
tween 6^ and 12°. East of this fold, in an area of tilted strata lying 
south of the fault, the ground is much broken by short faults trend- 
ing nearly at right angles to the principal break. The strata in this 
area are irregularly folded or bent but generally lie at low angles, 
the dips rarely exceeding 10°. In the S. ^ sec. 17 there is a minor 
fault which can be traced for about a mile in. a direction nearlv due 
east and which offsets the coal zone in the upper part of the Judith 
Biver formation. 

In the northeastern part of T. 21 N., R. 19 E., there are two faults 
lying nearly at right angles to each other, both of which have 
brought up the Judith River beds in an area in which the Bearpaw 
shale is the predominating formation. The longer of these faults 
crosses sees. 1, 2, and 12 in a direction about N. 60° W. On its north- 
east side the Judith River beds, overlain by the Bearpaw shale in 
normal succession, are tilted at angles varying between 40° and 50° 
within a quarter of a mile of the fault, but farther northeast the dip 
of the beds is less, and within 1 mile of the trace of the fault thev 
are nearly horizontal. Southwest of the fault the Bearpaw shale, 
lying practically horizontal, occupies a considerable area. The other 
fault in the northeastern part of the township crosses sec. 13 in a 
(direction about N. 50° E. and joins the fault just described in the 
SW. J sec. 7, T. 21 N., R. 20 E. On the southeast side of this fault 
there is an area of titled upper Judith River and lower Bearpaw 
beds, which dip at angles ranging from 20° adjacent to the fault to 
10^ withm 2,000 feet. This fault crosses Cutbank Creek about 1,500 
feet north of the center of sec. 13 and is there well exposeds but U\ tlvi, 
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southeast it can not be traced more than a few hundred yardi 
probably dies out before reaching the west line of sec. 13. 3Qj 
SE. i sec. 13 the strata in the tilted block are folded into a sIm 
syncline, the south limb of which is near the south line of the 9e4 
The axis of this syncline trends northeast, nearly parallel 
fault. 

ABBA OF COLOBADO SHALE EXTENDING FBOM A POINT 
GBEAT FALLS TO THE SWEETGBASS HILLS. 

GENERAL FEATURES. 

The results of six deep borings (see locations on the map, PL^ 
are available for the area extending across the outcrop of the 
rado shale from Great Falls to the Sweetgrass Hills. None of 
borings were successful, although five report showings of gas oi 
or both. These wells, located regardless of the structure, sedf 
show that a fair percentage of success can not be obtained by ran 
drilling in the large area occupied by the Sweetgrass arch. Ti| 
the wells are near the center of the arch, and seem to prove thafe 
broad uplift as a whole has not caused the accumulation of oil 09 
along its crest. However, if local folds are present withia 
broader uplift, they may have sensed as reservoirs for oil or ga& 

The Bow Island gas field,^ 60 miles north of the Canadian bof 
ary, is near the northwestward extension of the Sweetgrass ard 
exact position probably being a little to the east of the crest oi 
arch. The details of the structure in the vicinity of the Bow Is 
field have never been published, but it is not improbable that 
field is located on a local fold within the arch. The first well in 
field was drilled about 1908. By 1914 sixteen wells had been i 
pleted, spaced about 1 mile apart over an area of about 15 aq 
miles. The total production from these wells in 1914 was 75,00( 
cubic feet a day, and the gas was distributed from a 16-inch 
line for 160 miles, supplying Lethbridge, Calgary, and intermec 
towns. 

DRILLING NEAR THE SWEETGRASS HILLS. 

Several wells have been drilled within the last few years in 
vicinity of the West Butte of the Sweetgrass Hills, These welh 
about 3 miles northeast of the oil seep in the Colorado shale, 
scribed on page — . They were put down in a flat plain, much 
ered by glacial drift, and are not known to have been located with 
erence to local structure of any description. The general dip ii 
vicinity, as shown by a few scattered outcrops of the Virgelle 8 
stone, is northward at a low angle. The deepest of these Wells 

JClapp, F. G., and other*, op. cVt,, W- ^1^2,T?, 
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drilled to a d^pth of 2,670 feet, nearly to the base of the Kootenai, 
and obtained small flows of gas at two horizons. According to W. A. 
English, of the United States Geological Survey, the seep on West 
Butte probably comes from the 50-foot member of the sandstone that 
is reported to contain water, whose base in this well is at a depth of 
1,640 feet. A log of the well, furnished by E. C. Galbraith, of the 
General Land Office, is as follows: 

Log of icell in sec. 4* T, 37 N., R. 2 E., a few yards south of the international 

boundary, 

[Elevation, 3,675 feet (barometric).] 



Probable formation. 



Gladal drift. 



Virgdle sandstone. 



Colorado 9hale. 

I 



^^ootenal ibrmation. 



I>riller*s description of the rock. 



Glacial drift. 



Light-colored sandstone. 



Black and dark-oolored shale. 

Dark-colored shales 

Gray sandstones 

Black sandy shale 

Gray sandstone 

Dark sandy shale 

Black sandy shale 

Gray sand 

Black sandy shale 

Conglomerate 

Gray sandstone 

Black shales 



Bluish shales 

Red shale 

Gray shale 

Black shale 

Brown shale 

Sandstone strata. 



Contents. 



Water. 



Water. 
Gas... 



Salt water. 



Gas and wa- 
ter. 



Thick- 
ness. 



Feet. 
65 



245 



970 

310 

50 

20 

70 

25 

45 

5 

10 

20 

40 

180 



70 

68 

1S2 

20 

150 

170 



Depth. 



Feet. 



65 



810 



1,280 
1,590 
1,640 
1,665 
1,735 
1,760 
1,805 
1,810 
1,820 
1,840 
1,880 
2,060 



2,130 
2,138 
2,330 
2,350 
2.500 
2,670 



A'Second hole was put down about a quarter of a mile southeast of 
the well just ^escribed and passed through the same strata. Accord- 
ing^ to C. H. Jennings, who superintended the drilling of this well, 
shows of oil were encountered at about 960 and 1,660 feet, and small 
flows of gas at 1,300, 1,535, and 1,810 feet. 



DRUiUNG NEAR KEVIN, TOOLE COUNTY. 

A boring ifi search of oil was made about 8 miles southwest of 
Kevin, l^oole Cklunty, on the James Miller ranch. It went to a depth 
of 1,755 feet, passing through part of the Colorado shale and all of 
the Kootenai formation, and probably entering the Jurassic. This 
well is in the midst of a large area of horizontal rocks, as shown by 
exposures in the vicinity and also by the lay of the Virgelle sand- 
stone in the prominent escarpment to the west and north. This well 
was therefore drilled in an unfavorable structure posvUoTi, S^KvsJi. 

^768''— Bull. 641—17 7 
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flows of gas, however, were encountered at three horizons. The log 
of the well, furnished by H. C- Price, of Great Falls, Mont., is as 
follows : 



Log of well at the James Miller ranch, in the NW. i sec, 25, T, S4 N., B. 4 W. 

[Elevation, 3,360 feet.] 



Probable formation. 



Glacial drift. 



Colorado shale. 



Kooteniii formation. 



Jtirassic. 



I>rilla''s description of the rock. 



I^Kiam and gravel. 



Block shale . 
Lime shell . . 
Black shale . 
Sand 



Gray-black shale . 

Sand 

Sandy shale 

Hard dark shale.. 

Black shale 

Gray sandy shale. 

Black sand 

Sandy shale 

Light shale 

Sandy shale 

Black shale 

Gray sand 

Sand 



Contents. 



Gas and 
water. 



Gas. 



Black shale. 



Gas, best 
flow. 



I^ight shale. 
Red rock... 
Light shale. 
Tlard shell . 
Hard sand. 
Shell 



Sand 

Light shale. 
Sand. 



Hard shell . . . 
Light shale... 
Hard sand.., 
Hard shell . . . 
Hard sand . . . 
Yellow shale. 
Gritty sand.. 
Hardshell... 
Block shale.. 
Hard shell . . . 



Lime rock.. 
Block shale. 



Thick- 
ness. 



Feet. 
40 



120 
2 

153 
5 

100 
10 
30 
10 

180 
70 
10 
40 
80 

100 

90 

20 

5 

30 



15 
35 
45 

5 
25 

5 
70 
60 
30 
10 
60 
40 
10 
40 
50 
50 

5 
20 

5 



50 
25 



Depth. 



Ftd. 



40 



160 
163 
315 
320 

420 

430 

460 

470 

650 

720 

730 

770 

850 

950 

1,045 

1,065 

1,070 

1,100 



1,115 
1,150 
1,195 

i,aoo 

1,225 
1,230 
1,300 
1,360 
1,390 
1,400 
1,460 
1,500 
1,510 
1,550 
1,600 
1,650 
1,655 
1,675 
1,680 



1,730 
1,755 



DEEP BORINGS IN CHOUTEAU COUNTY. 



About 10 miles southeast of Collins a prospect hole for oil and gas, 
known as the Banatyne well, was driven to a depth of 1,500 feet 
and obtained a small flow of gas at one horizon. The log for 1,240 
feet of this bore, passing through the Colorado shale and into the 
Kootenai formation, is given below. This well is near the crest of 
the Sweetgrass arch, if that structure extends this far south of Teton 
River. Nothing is known of the local structure, and it is probable 
that the rocks are much concealed by glacial drift. 



OIL AND GAS IN NORTH-CENTRAL MONTANA, 



91 



Log of Banatyne well, 10 miles southeast of Collins. 



Probable fcnnaticm. 



Glacial drift. 



ColQrado shale. 



Kootenai fcrmatlon. 



Driller's description of the rock. 



Contents. 



Yellow clay. 





Salt water 
and gas. 
Bandy shale. 
Black sand. 
Shale. 

Sand Saltwater. 

Sand and gritty shalo 

BoCt white conglomerate 

Hard conglomerate 

Fine blue sand 

Hard blue shale i 

Hard shale in thin la> ens I 

Dark-blue shale I 

Black shale I 

Hard bluLsh sandstone ' 

Black shale ' 



Red limestone. 
Red sandstone. 



206 
5 

73 

7 

135 

9 

llO 

90 
10 
20 
50 
25 
65 
90 
30 



40 
40 



Depth. 



Feet. 



74 



280 
285 

358 

365 

500 

509 

605 

7.S0 

870 

K.SO 

900 

950 

975 

1.040 

1.130 

1,160 



1,200 
1,340 



Small flows of gas are also reported from two deep wells in the 
northeastern part of Chouteau County. One of these, 15 miles north- 
west of Fort Benton, obtained gas in the Colorado shale at a depth 
of 300 feet. The other gas well is 10 miles north of Virgelle and 
was drilled to a depth of 800 feet. Details of the structure in the 
vicinity of these borings are not known. 



STRUCTURE OF THE VICESBURG-JACESON AREA, MISSIS- 
SIPPI, WITH SPECIAL REFERENCE TO OIL AND GAS. 



By OuvER B. Hopkins. 



INTRODUCTION. 

Many facts have combined to lead the people of Mississippi to 
believe that oil and gas may be found in that State, among them 
the extensive development of the oil and gas fields in Louisiana ; the 
situation of the State between the Appalachian fields and those of 
the coastal region; the supposed indications, such as gas seeps and 
iridescent films resembling oil found on stagnant pools of water; 
and finally the results of the work of so-called " oil experts," who 
have located "streams" of oil crossing the State. Though the 
United States Geological Survey does not consider these reasons 
conclusive, others of a general geologic nature are considered worthy 
of investigation and of sufficient significance to justify the hope 
that the oil and gas pools of the Coastal Plain may not be confined to 
Louisiana and Texas but may extend eastward into Mississippi. 
The presence in that State of beds which are of the same geologic 
age as those that bear oil in Louisiana, which are similar in compo- 
sition to those beds, and which were deposited under similar condi- 
tions, and the« possibility of finding rock folds here like those of 
that region, are considered significant. 

It has been shown that the inclination or dip of the beds of rock, 
commonly called geologic structure, is the most potent factor in in- 
fluencing the accumulation of oil in commercial pools. Consequently 
the study of the attitude of the rocks of the region and the location 
of rock folds, particularly arches (anticlines) and domes in the beds, 
leads to the location of areas in which oil and gas are most likely 
to be present. Such a study is of value to the oil prospector in that 
it makes possible the separation of favorable from imfavorable areas, 
and increases his chance of success. It should be understood, how- 
ever, that any drilling outside of proved territory is in the " wildcat " 
class, even though the wells are drilled on anticlines, for other con- 
ditions, which can not be detected at the surface, may prevent the 
accumulation of oil and gas. 
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The object of this report is to show which, of the areas in west- 
central Mississippi that were examined by the Survey are considered 
favorable and which unfavorable for the accumulation of oil, to 
discourage drilling in the unfavorable localities and thus to aid 
those interested in making conclusive tests to determine the presence 
or absence of oil and gas in the region. 

Examination of the geologic structure in this region ciiows that 
sands corresponding to or possibly identical with those of northwest 
Louisiana dip deeply beneath the younger formations which com- 
pose the surface rocks, and that the rock beds in this region are simi- 
lar to those in northwest Louisiana. The most pronounced fold is 
found near Jackson, and this fold appears more promising for 
wildcat testing with the drill, because if oil or gas are present this 
structure is more favorable for their accumulation. Other folds, one 
near Vicksburg and another near Eldorado, also invite tests. It 
must not be forgotten, however, that the formations carrying the 
oil sands in the Caddo region are here Inuch more deeply buried, 
and that the sands in this deeper part of the Mississippi embayment 
may contain water instead of oil and gas. 

fieijD work. 

The field work for that part of this report which deals with the 
area near Vicksburg was begun by G. C. Matson, E. H. Finch, and 
the author in March, 1915. In June the work was extended north- 
ward and eastward by the author from Vicksburg to Satartia and 
along Big Black River from Bovina to Bentonia, thus-completing the 
work on the area covered by an advance notice given to the press 
September 1. In October and November, 1915, the author spent five 
weeks in extending the work eastward to include the region near 
Jackson. 

The field work consisted largely of tracing out different beds of 
the Vicksburg limestone, which were used as keys to the structure, 
and determining the elevations of these beds at different places. 
Other beds, both above and below the Vicksburg limestone, were used 
locally to determine the dip and the general structure, although only 
those within the limestone formation itself could be traced accurately 
from place to place tliroughout the area. Because of the hardness 
of the middle limestone member of the Vicksburg, and consequently 
because of its better exposures, its top was used as the datum for 
the structure contours. The different parts of the Vicksburg have 
persistent features by which they can be clearly recognized, and, as 
the distance between them is known, the elevation of the top of the 
limestone may be estimated at places where it is not exposed. As the 
dip of the beds is slight, at few places greater than 60 feet to the 
mile, it was necessary to determine its elevation with considerable 
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aocnracy. Elevations above sea level were accepted as determined 
by the United States Geological Survey in the Vicksbiirg, Jackson, 
Florence, and Raymond quadrangles ; by the United States Coast and 
Geodetic Survey along the line of the Alabama & Vicksburg Rail- 
way from Brandon to Edwards ; by the War Department along the 
east bluff of Yazoo River from Redwood to Satartia; and by the 
Agricultural Department along Big Black River from Bentonia 
south to Bovina. In the region east of the Big Black, the elevations 
of outcrops were determined almost exclusively from level lines run 
by plane table from the nearest bench mark. Some leveling was done 
in this way west of the river, but most of the work there' was done 
with an aneroid barometer. This method is fairly reliable and was 
considered necessary, for the outcrops lay in deep, densely thicketed 
hollows along the bluffs of Big Black and Yazoo rivers, and it would 
have been impossible to complete the work within the time and money 
available if level lines had been run to them, and as the elevations 
were known at almost all points along the river valleys at the foot 
of the bluffs the elevations determined by the aneroid could be checked 
within a short time, before changes in atmospheric pressure could 
affect the results. Elevations in the area between Big Black and 
Yazoo rivers were not important, as few significant exposures were 
found there ; some were determined, however, with an aneroid, which 
was carried between two bench marks and error eliminated by com- 
parison with the barograph records of the United States Weather 
Bureau at Yicksburg. 
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especially those by Hilgard ^ and Crider.^ From these reports, par- 
ticularly from Hilgard's, a list of a number of obscure outcrops was 
obtained. 

1 Hilgard, B. W., Report on the geology and agriculture of MlsRlssippl, 1860. 
* Older, ▲. F^ Geology and mineral resources of Mississippi : U. S. Geol. Survey Bull 
288, 1906. 
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I4OCATION OF THE ABEA. 

The area discussed in this report covers about 30 townships, or 
1,080 square miles, and includes the greater part of Warren and 
Hinds counties, the southern parts of Yazoo and Madison counties, 
and the western part of IJankin County, in west-central Mississippi. It 
is roughly rectangular, 40 miles long and 25 miles wide, and extends 
from Vicksburg eastward a short distance beyond Jackson. Vicks- 
burg lies in its southwestern comer and Jackson occupies an east- 
central position within it. It is bounded on the west by Yazoo and 
Mississippi rivers, and is traversed roughly from north to south by 
Big Black and Pearl rivers in its western and eastern parts, re- 
spectively. (See PI. VIII, in pocket.) The Alabama & Vicksburg 
Railway crosses the area from east to west in its south-central part ; 
the Yazoo & Mississippi Valley Eailroad runs north and south 
through Vicksburg in its western part ; and the Illinois Central and 
the Gulf & Ship Island railroads cross its eastern end through 

Jackson. 

TOPOGRAPHY, 

The topography of the Vicksburg-Jackson area is no more diversi- 
fied than that of other areas in the Coastal Plain where the maximum 
relief does not exceed 300 feet, the maximmn elevation above sea level 
is not greater than 500 feet, and where there are only slight differ- 
ences in the hardness of the rocks. The main features are the broad, 
flat valleys that cross the region in general from north to south and 
the interstream areas, which in the western part of the area are much 
dissected and have angular topographic features and in the eastern 
part are flat or rolling plains. 

The elevation of the broad river bottoms increases from west to 
east ; that of Yazoo River is about 100 to 110 feet, of the Big Black 
130 to 150 feet, and of the Pearl 260 to 280 feet. The hills between 
the Yazoo and the Big Black rise abruptly from the river bottoms 
to elevations of 250 to 350 feet above sea level. This area is deeply 
dissected by small streams that have carved into it an intricate system 
of deep hollows and steep ridges, which are characteristic of the 
loess that covers it and hides the underlying rocks. 

East of the Big Black the loess becomes thinner and disappears 
and the rough country gives place to the broad, flat or rolling 
"prairie" lands of the Jackson clay. These rolling lands, which 
have a general elevation of 350 feet, prevail in much of this area but 
give way along the line between Hinds and Madison counties to the 
rough hilly country which forms the divide between Pearl and Big 
Black rivers. The hills that form this divide have a maximum eleva- 
tion of about 475 feet and are outliers of high terrace deposits, of 
sands of the upp6r part of the Jackson formation, and in a few 
places, of Vicksburg limestone. 
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GEOLOGY, 

STRATIGRAPHY. 
FORMATIONS PRESENT. 

All the rocks of the Vicksbiirg-Jackson region are sedimentary in 
origin and relatively young, the exposed rocks ranging in age from 
Claiborne (Eocene) to Recent, as shown in the upper part of the 
following table. The formations below the Claiborne will be reached 
in deep drillings. 

Section of formations in Tickshurg-.7acJcson area. 



System. 


Series. 


Group or forma- 
tion. 


Thickness. 


Character, 




Recent. 


Alluvium. 


Feet. 


Sand, clay, and silt along present streams. 






QoBtoniary. 


Pleistocene. 


Loess and yellow 
loam. 


0-100 


Clay, fine gray to buff, calcareous, and 
yellow to brown loam. 




Alluvial terrace de- 
posits. 


0-50 


Sand, gravel, and day. 




PUooene. 


Sand and gravel. 


0-60 


Terrace sand and gravel. 


• 


Ollgooene. 


Catahoula sand- 
stone. 


0-75 


Unconsolidated sands, sandstones, gray 
siliceous day, and some lignitio mate- 
rial. 




Vicksburg lime- 
stone. 


80-130 


Marl and day abo^-e, containing marine 
shells: limestone and impure limestone 
and marl bdow. 


Ttftlary. 


Eocene. 


Jackson forma- 
tion. 


250^500 (?) 


Sand above, cross-bedded, green to yel- 
low nonfossilUerous: gray clay weather- 
ing black below and sand beos at base. 
Both clay and sand beds contain ma- 
rine shells. 




Claiborne group. 


500-1,000 


Marls, sands, llgnitic days, and lignite 
abo\'e; quartzite, day stone, and marl 
below. 




Wilcox group. 


850-l,fi00 (?) 


Lignitic clays and sands, with sand pre- 
dominating in middle part. 




Midway group. 


100-300 


Clay, dark gray to black, and micaceous 
sandstone, with hard limestone and 
sandy marl l)elow. 




Upper. 


Ripley formation. 


50-300 


Sands, days, marls, and impure lime- 
stones of marine origin. 




Selma chalk. 


600-1,000 


Chalkv limestone with argHlaoeous and 
sandy beds. 


Cretaioeocui. 

■ 


Eutaw formation. 


300-400 


Sands, massive and cross-bedded. 




Tuscaloosa for- 
mation. 


100-300 


Irregularly bedded sands, clays, and 
gravels, containing day and lignitio 
layers at top. 
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Of these formations the loess and the Jackson underlie by far the 
greater part of tlie area, and the Vicksburg and Catahoula forma- 
tions and terrace sand and gravel smaller areas. The Claiborne 
occurs in a very small area near Jackson. The lower formations, 
with the possible exception of the Wilcox, have not been penetrated, 
so far as known, in this area. 

CLAIBORNE GROUP. 

The only beds of Claiborne age in this area are exposed near the 
northeastern part of Jackson in the bottoms of some small branches. 
Good exposures are found along Moodys Branch, in the S. i sec. 35, 
T. 6 N., R. 1 E., and along another small branch a mile farther north- 
east in the SW. i sec. 25 of the same township. These exposures 
consist of green micaceous sand and clay containing streaks and 
scattered particles of comminuted vegetable matter. Hilgard * says 
that " at the penitentiary well, after passing through 32 feet of sur- 
face material and fossiliferous strata of the ^Jackson age, lignitic 
clay was penetrated for 418 feet, after which a bed of shells 20 feet 
thick, extremely rich in gi'eensand, was passed through into water- 
bearing sand." T. W. Vaughan ^ considers that the lignitic sand and 
clay intervening between the marine fossiliferous Jackson and the 
marine Claiborne occupy precisely the stratigraphic position of t^e 
Cockfield formation of Louisiana and applies that name to them here. 

JACKSON FORMATION. 

The weathered outcrops of the Jackson formation cover probably 
half the eastern part of the area and form the dark-colored sticky 
soil which characterizes so much of it. Its type locality is in and 
near the city of Jackson where, for such a soft, easily eroded mate- 
rial, it is well exposed. On lithologic grounds Lowe^ has divided 
the formation into three members, called by him Moodys Branch 
marl, Yazoo clay, and Madison sand, which are clearly recognized, 
although it is questionable whether the "Madison sand" properly 
belongs to the Jackson or to the overlying Vicksburg. 

The lower division, the Moodys Branch marl of Lowe, is so called 
from its exposure in a branch so named in the eastern edge of Jack- 
son. Here it is composed of a dark-green to yellow glauconitic 

1 nilfirard, E. W., Report on the geoloisry and asrlculhire of MiRslBsippi, p. 123, 1860. 

3 Willis, Bailey, Index to tlie stratigraphy of North America : U. S. Geol. Survey Prof. 
Paper 71, p. 738. 1912. 

* Lowe, £. N.. Mississippi, its geology, geography, soila, and mineral resources : MIssla- 
sippi Geol. Survey Bull. 12, p. 81, 1015. 
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sandy marl, containing an abundant marine fauna, and has a thick- 
ness of 25 feet, according to Lowe.^ 

The marl of Moodys Branch grades upward into the typical gi:ay 
to yellow calcareous plastic clay, which is in places a clay marl, and 
has a total exposed thickness of about 80 feet at Jackson. This 
lithologic division of the Jackson outcrops in numerous small expo- 
sures along roadsides and streams over a wide area, and in the bluff 
at Yazoo City there is 120 feet of bluish-green fossiliferous marly 
clay containing gypsum in the upper part. Similar material, con- 
taining beds of fine-grained micaceous clay marl, outcrops at inter- 
vals for a distance of 15 miles south of Yazoo City, and 75 feet of 
similar material occurs in a hill 1 mile southeast of Satartia. This 
wide belt of outcrop suggests a considerable thickness if the dip is 
uniform; but as the beds do not dip uniformly here, no reliable esti- 
mate can be made. Some records of wells in the southwestern part 
of the area indicate a thickness of 350 to 500 feet for this division. 
(See well log, p. 120.) 

These beds of clay have a marked tendency to slump or creep, as 
is well shown in the bluffs at Yazoo City and in any railroad cuts 
which expose this material, as those just south of Cynthia. Wlien 
fresh these clays and clay marls are bright green to bluish green, 
massively bedded and jointed, as shown in a deep hollow half a 
mile northeast of Mechanicsburg. In weathering they form a lumpy 
or hackly day of yellowish to brownish-yellow color and finally make 
a dark, sticky soil, which covers large areas in Hinds and Madison 
counties. 

These clays grade imperceptibly upward into the " Madison sand," 
which is nonfossiliferous. The gradation of these sands into the 
marine Jackson below and Vicksburg above and the absence of 
fossils make it difficult to determine to which formation these non- 
marine beds belong. From the lithology and from a consideration 
of this small area only a line of separation could be drawn best at the 
small lignitic bed below the base of the fossiliferous Vicksburg. In 
the absence of definite information regarding the age of these sand 
beds, the usage in previous reports will be followed in considering 
them Jackson, although the evidence presented under the heading 
"Vicksburg limestone" (see p. 103) seems to indicate that the upper 
part, at least, is Vicksburg in age. 

» Op. clt, p. 81. 
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The following sections show the general nature of the beds between 
the marine Jackson and Vicksburg formations: 

Partial sections of Jackson and Vicksburg formations. 

Forest Hill SehooU 51 miles Mntliwest of Jadoon. 

Ft in. 

Limestone, pure, white, partly weathered 8 

Limestone or marl, soft, sandy, containing hard nodules 

and marine shells 8 

Clay, gray, sandy, nonfosslliferous. t'ontaining lime nodules 

now altered to chalk 4 

Sand, pure quartz 8 

White chalk layer 1 

Sand and clay, gray, laralnatetl 4 

Streak of earthy lignite 2 

Clay, drab, sandy 6 

Sand, medium to Ane grained, containing thin ferruginous 

and clayey layers 6 6 

Sand and clay, laminated, cross-bedded 2 

Sand, hard, cross-bedded, containing some thin clay laminn 
above and numerous thin plat^ layers of ferruginous 

sandstone throughout 12 6 

Same as preceding bed ; sand green when fresh and yellow 

when weathered, thick bedded below and thinner above 25 6 

Clay, drab, sandy, grading downward Into typical Jackson 
day with plastic gray calcareous clay of Jackson forma- 
tion below 10 

125 5 
Rodcy Hill Chnrdi, 10 miles north of Jackson. 

Limestone, in hard and soft layers 25 

Sand, massive, yellow 4 

Clay, brown, carbonaceous, gypslferous 1 

Sand, micaceous, and numerous thin clay layers 12 9 

Sand and small amount of clay 4 

Sand, micaceous, and numerous thin clay layers 7 4 

Sand alternating with thin clay beds 19 6 

Sand, hard, yellow, and little clay 8 3 

Sand, argillaceous, becoming dominantly clayey below 16 1 

Clay, slightly sandy above, grading to plastic gray clay of 

Jackson type below 27 

125 5 

These sand beds are well exposed in fresh condition at two locali- 
ties, one in the northwestern part of the area and the other in the 
southeastern, and they have been found to be closely similar. In 
the southern part of sec. 15, T. 4 N., R. 1 E., 3^ miles south of Plain, 
there is exposed below a 6-inch bed of hard lignite, which occurs 
near the base of the fossiliferous Vicksburg, 30 feet of thinly lam- 
inated, micaceous, highly cross-bedded, nonfossiliferous sand, which 
is green when fresh and weathers to a rusty yellow color ; it is car- 
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bonaceous above but is less so below, end is underlain by a bed of 
stiff gray clay in the creek bottom. Xn* a deep ravine near S. T. 
Dilley's house, 1 mile north of Phoenia^, there is exposed 30 to 40 
feet of bluish-green micaceous sand, thirr carbonaceous streaks, 
grayish-green clay, and laminated sands and ciay^ containing much 
eonmiinuted vegetable matter. This section diffcf-s from the one 
south of Plain in the presence of more vegetable matter and clay. 
Here silicified wood is very abundant, and numerous trunks and 
fragments of trees may be seen in place. At the outcrop of these 
beds along Pearl River silicified logs are abundant in the river.'be*d. 
The thickness of this sand member differs from 60 to 80 feet in 
this area. 

VICKSBURO LIMESTONE. 

The type locality of the Vicksburg limestone is in the bluffs near 
the city of Vicksburg, where almost its entire thickness is exposed. 
It is composed largely of limestone and marl, which represent the 
latest marine deposits in the area. From the area south of Vicks- 
burg outcrops of this formation are found at intervals for a distance 
of 30 miles in a north-northeasterly direction along the east bluff of 
Yazoo River almost to Satartia ; here the outcrop changes its course 
and crosses the State into Alabama in a fairly uniform southeasterly 
direction, with the exception of a U-shaped bend to the south around 
Jackson. The formation is thin and consequently its outcrop is nar- 
row, but owing to the presence of relatively hard limestone beds near 
its middle part it outcrops at numerous places and can be readily 
ti*aced across the area, except where it is covered with loess. 

The following section shows the relationship of the Vicksburg to 
the Jackson below and the Catahoula above : 

Composite section of Vicksburg limestone and parts of adjacent formations as 
shown near Vicksburg and along bluffs of Yazoo Rivtr. 

Catahoula sandstone: 

Bxixised near pesthouse, Vicksburg : Feet. 

22. Sandstone, medium grained, white, difCerIng in 
Induration from soft to quartzltic, interbe<lded 

with gray siliceous clays 20 

2L Clay, gray, and soft sandstone layers; clay is 
deep blue when fresh and weathers through 
greenish to gray, in part plastic and in part 

highly siliceous 35 

Tlcksburg limestone : 

Bxposed in bluff at Waltersville near Vicksburg : 

20. Sandy clay, chocolate-colored, fine grained, car- 
bonaceous, nonfossiliferous 20 

19. Sand, fine grained, laminated, nonfossiliferous — 6 
18. Marl, glauconitic, and soft marly limestone with 
some sandy, argillaceous layers; contains ma- 
rine shelly -, ^^^. ^^ 



• 



. • • 



■ • 






102 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PART H. 

Vlcksburg limestone — Contimieil.' 

Exposed at Hayne&lHuif: F^et 

17. Limestouef.liJH-d. brown, ferruginous 5 

16. LimesfOtie, Hard and soft layers interbedded 17 

15. LiiA^jttHie, soft, marly, blue when fresh and gray 

* to yellow when weathered 4 

'34. Lfrtiestoue, hard, containing few fossils 3 

. *. 13. Limestone and marly limestone, marine shells 
abundant; where exposed in bed of streams 

causes small falls 17 

12. Clay, dark grayish green ; contains marine shells. li 

11. Shell marl, carl)onaceous, arenaceous 3 

• •: '• 10. Shell marl, sandy ; at top of lower falls very fos- 

siliferous. 3 

Exposed near southern eilge of E. A. Archer's property 
near Eldorado: 

0. Clay, carlwnaceous, nonfossiliferous 10 

8. Sand, green, calcareous ; contains marine shells 4 

7. Concretioiuiry limestone layer with shells abun- 
dant 1 

6. Sand 2 

5. Shell rock, c<Miuina 1 

Jackson formation : 

p]xpose<l near soutliern etlge of E. A. Archer's property 
near Eldorado: 
4. Shale, brown, carbonaceous, witli thin sandy 

layers _^ 11 

3. Sand, URHlium grained, orange to yellow 12 

2. Sandstone, ferruginous 2 

1. Shale, green, sandy, and sand interlamlnated 5 

217J 

The conditions at tlie close of the marine Vicksbiirg were very much 
the same as at the beginning, as the carbonaceous beds both above and 
bch>w indicate. The small streaks of lignite at the base of the marine 
Vicksbiirg show that swamps existed immediately -preceding the 
transgression of the sea, which caused the deposition of the limestone 
above. Although this change in many places is abrupt, there seems 
to have been continuous deposition or at least no interval of erosion 
from Jackson into Vicksburg time, and while shallow-water and non- 
marine deposits were forming here, farther east in Alabama marine 
conditions continued without a break.* 

At the close of the Vicksburg the conditions were similar to those 
at the beginning. The w ithdrawal of the sea led to the formation 
of carbonaceous clays and sands, which gradually gave place to the 
siliceous clays and sandstones that compose the Catahoula formation. 
Thus deposition is believed to have been continuous^ from the Vicks- 
burg into the Catahoula. 

* SwJtb, E. A. The underground water resources of Alabama, p. 19, Alabama Geol. But- 
vey, 1907, 
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The Vicksburg may be conveniently divided into four parts. Its 
basal beds consist of dark-colored, in places highly carbonaceous, 
fossiliferous sand and clay, which grade upward into sandy marl 
and are separated from the nonf ossiliferous sands below by a thin but 
fairly imiform bed of carbonaceous clay or lignite. These beds are 
20 to 25 feet thick in the bluffs along Yazoo Eivcr and thin out to the 
east, so that in the vicinity of Jackson the limestones above rest 
directly on unfossiliferous sands and clays below. (See sections at 
Forest Hill and at Rocky Hill, p. 100.) This apparent thinning 
is doubtless due to the fact that these beds become more sandy and 
unfossiliferous to the east and thus appear to represent the top part 
of the sands below. In other words, part at least of the sand beds in 
the sections near Jackson are of Vicksburg age and were laid down 
contemporaneously with the lower fossiliferous beds along Yazoo 
Kiver. 

Above the fossiliferous sand, clay, and marls there are limestones, 
impure limestones, and marls interbedded in layers from 1 to 3 feet 
thick, forming numerous small bluffs. The harder beds of lime- 
stone are semicrystalline; the marly beds are soft when first ex- 
posed but harden on drying. Both the limestone afid the marl are 
more or less glauconitic and are bluish gray when fresh, but weather 
to gray or yellow. These beds are the most easily and definitely 
recognized of the entire section in the region and have been used 
as the basis for structure contours. The thickness of this limestone 
unit decreases from 35 or 45 feet in the western part of the area to 
about 30 feet in the eastern part near Brandon and along Pearl 
Kiver below Jackson. 

This limestone unit is overlain by dark-gray micaceous sandy marl, 
shell marl, and some chalky limestone layers. It is less calcareous 
above and more argillaceous and in places carbonaceous. The thick- 
ness of this calcareous fossiliferous unit is 30 to 35 feet along the 
Yazoo bluffs and decreases to abou]^ 15 feet in the vicinity of Jack- 
son. This marl is bluish or greenish when fresh and is usually some- 
what glaucotiitic. Owing to its softness it weathers readily and is 
well exposed in few places. 

In the western part of the area the marl is overlain by 5 to 10 
feet of fine gray argillaceous sand, which is non fossiliferous and 
which is succeeded by 20 to 25 feet of chocolate-colored fine-grained 
sandy clay, which grades upward into the gray siliceous clays of the 
Catahoula formation. To the east this unit thins so that on Big 
Black Eiver near Edwards it is not over 18 feet thick. Bevond 
Pearl River, on the Gulf & Ship Island Railroad (see section, p. 104), 
the fossiliferous marls are immediately overlain by the gray, siliceous 
clays, characteristic of the Catahoula formation. Along the river 
south of Byram, however, the section is in every way similar to tlv^sA 
farther west (See section, p. 104.) 
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This upper nonfossiliferous unit is tentatively considered part of 
the Vicksburg because the fossiliferous beds at the top of that for- 
maiion grade into this material and are interbedded with it. The 
dividing line is placed at the top of these beds, where they are in 
contact with typical Catahoula clay, although there are similar beds 
of carbonaceous clays and sands within that formation. 

The thickness of the Vicksburg limestone decreases from 120 or 
130 feet in the western part of the area to 80 or 100 feet in the east- 
ern, due largely to the thinning of the lowest division. 

The character of the individual beds of the upper division of the 
Vicksburg formation is shown in the following sections: 

Partial section of Vicksburg limestone along south side of Wansley Bend on 
Pearl River in west-central part of sec, 36, T, 4 N,, R. 1 W. 

Clay, carbonaceous, nonfossiliferous, In part massively 

bedded. Ft In. 

Marl, green, glauconitic; contains marine shells 5 6 

Limestone, hard, nodular, irregular layers * 6 

Marl, green, glauconitic, weathering gray to yellow 3 

Limestone, hard ledge 9 

Limestone, ^ft, or marl 1 1 

Limestone, hard ledge 1 6 

Marl, green, glauconitic 6 

Limestone, hard ledge 1 6 

Limestone, soft, chalky 3 

Clay, light colored 6 

Marly limestone, light bluish green ; marine shells abundant- 3 

Marl, clayey in lower part J 2 6 

Limestone, hard ledge 1 6 

Limestone, soft, marly 1 

Water level in Pearl River. 

31 4 

A more detailed section of the beds which compose the limestone 
imit of the Vicksburg formation is given below : 

Section of Vicksburg limestone on Gulf d Ship Island Railroad, H miles south- 
east of Plain, Miss. 

Ft In. 

Clay, gray, plastic, nonfossiliferous, weathering yellow 8 

Clay, plastic, containing white chalky layers and concretions, 
light tan when fresh and dark brownish wlien weathered ; 

marine shells abundant 5 6 

Marl, light yellow, sandy ; contains marine shells 4 6 

Limestone, chalky, and marl, white to yellowish in color, con- 
taining abundant small white lime concretions 2 

Shell bed, slightly indurate<l 4 

Marl, ferruginous, sandy, containing hard limestone nodules 
and abundant fossils 1 
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Vt. in. 

Shell bed, orbitoides, pectens, and the like 6 

Marl, sandy ; shells abundant, especially in lower part 1 6 

Limestone, soft 2 3 

Limestone, hard ledge, with Irregular base 2 3 

Limestone, medium soft 2 

Limestone, soft, marly 1 o 

Limestone, hard 1 6 

Shell marl, soft 2 3 

Limestone, hard 1 

Limestone, soft, shelly 3 4 

Limestone, hard ledge, light colored 2 9 

Marl, soft, sandy ; contains marine shells ; concealed below. _ 1 6 



43 2 

CATAHOULA SANDSTONE. 

The nonmarine sandstones and clays of the Catahoula formation 
underlie the southern part of the area and cross it in a general south- 
easterly direction parallel to the outcrop of the Vicksburg limestone. 
The type locality of the Catahoula is not far south of Vicksburg, in 
Catahoula Parish, La., opposite the exposures at Grand Gulf, from 
which the formation was formerly named, and practically duplicates 
them. The lower 25 to 50 feet of the Catahoula consists largely of 
bluish and greenish siliceous clays, which weather gray and are 
interbedded with soft white sandstones and plastic clays. Higher 
the formation consists of clays like those below — sandstones, quartz- 
ites, carbonaceous clays, and thin beds of lignite. 

These materials do not extend over large areas as continuous beds 
but occur as disconnected lenses. The sands range in induration 
from almost loose materials through sandstones to dense quartzites, 
their hardness depending on how firmly the sand grains are cemented. 
The cement consists of white, opaque silica, which stands in sharp 
contrast to the translucent quartz grains and is a characteristic 
feature of the formation. Much of the so-called clay is composed 
largely of finely divided silica. 

Section of Catahoula sandatonc along road one-half mile west of Hyram. 

Clay8> dark carbonaceous. Feet 

Sandstone, bluish white, soft, and clay with some hard layers. 20 

Clay, siliceous, and sand, partly concealed 20 

Sandstone, hard, white 3 

Sandstone, thin beds, separated by gray clay 2 

Clay and sand, gray to yellow 10 



55 
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Another section of the Catahoula, which shows its range in lithol- 
ogy, is as follows: 

Partial section of Catahoula sandstone, sec, 19, T. 5 N,, R. 1 W., 11 miles west 

of Jackson. 

Hilltop. Ft In. 

Sand, fine, gray, containing thin clay layers 5 

Sandstone, hard, medium grained 8 

Sand and clay, hard, yellowish gray 1 6 

Sandstone, medium fine grained, micaceous, cemented with 

opaque silica 2 

Clay, hard, carbonaceous, siliceous 1 

Clay, hard, gray, siliceous 20 

Lignite, Impure 4 

Sand, gray, argillaceous 1 2 

Sandstone, hard, fine grained; containing gray siliceous 

clays at foot of hill 1 



32 8 



Only the lower part of the formation is exposed in this area, and 
where it occurs the structure is generally low and not favorable to 
accumulation of oil and gas; therefore this formation is not likely 
to be penetrated by the drill in testing the area. 

SAND AND GRAVEL. 

After the deposition of the Catahoula sandstone there was a period 
during which no sediments were laid down in this region and those 
that had been formed were gently folded and extensively eroded. 
Upon this eroded surface gravel and sand were laid down when the 
land surface was relatively much lower than now. Small remnants 
of one of the high terraces capped by these materials are now found 
in the eastern part of this region at an elevation of almost 500 feet 
above sea level. As the country was gradually uplifted and eroded 
other terraces were formed at progressively lower levels, and the 
wearing away of the upper terraces yielded a large part of the 
material for the lower ones. 

The scattered remnants of terrace gravel, together with the 
weathered outcrops of some of the older sandy formations, were 
formerly classed as " Orange sand " by Hilgard,* who considered this 
material to represent a mantle of surficial deposits spread over the 
older rocks. Later the formation was more restricted and renamed 
" Lafayette." - Still closer study has led to the separation of most 
of that part of Hilgard's formation and also of the "Lafayette" 

1 Illlgard, E. W., Report on the geolopy and agriculture of MiRslsslppl, pp. 5-40, ISftO. 

« G. C. Matson has recently applied the name CitroncUe formation to the upper terrace 
deposits of Pliocene age. (Matson. Q. C, and Berry. E. W., The Pliocene CItroneUe forma- 
t/on of the Gulf Coastal Plain and its flora : U. 8. Geo!. Survey Prof. Paper 08-U 1916.) 
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which represented the oxidized outcrops of the older formations from 
the true terrace sands and gravels, which in many places they closely 
resemble. In this region the weathered outcrop of the sands between 
the marine Vicksburg and Jackson formation commonly resembles 
the sandy terrace deposits. 

These terrace deposits, which are progressively younger from the 
highest to the lowest, are composed of orange or yellow, medium to 
coarse grained sand and gravel and irregular layers and pebbles of 
clay. The gravels average probably an inch in diameter, but some 
are as much as 3 inches or more. They consist largely of fairly 
angular chert pebbles and of less numerous well-rounded quartz 
pebbles. The chert pebbles contain many fossils which show clearly 
that they came frcmi the area of Paleozoic rocks to the north or 
northeast. The deposits range in thickness in this area from a few 
inches to 50 feet or possibly more. 

The gravel is most abundant on high hills, as the upper terrace 
deposits were less sandy and contained a greater amount of coarse- 
grained material than the lower ones. Gravel beds of considerable 
extent occur at many places along the bluffs of Yazoo River, near 
Champion Hill, a few miles northeast of Edwards, and noith of 
O'Neal schoolhouse near Tinnin. At a niunber of places these gravel 
beds are worked for road metal. Large exposures of sandy terrace 
deposits are found along the road one-third mile south of McRaven, 
ane one-half mile south of Taylorsville ; orange-colored sand more 
than 50 feet in thickness is present. 

LOESS AND TELIiOW LOAM. 

•The loess is the most conspicuous formation in the western part 
of the Vicksburg-Jackson area and hides the older formations over 
a large part of it. Its western limit is the east bank of Mississippi 
and Yazoo rivers, where it has its maximum thickness of 50 to 100 
feet. From this region it orginally spread east, diminishing in thick- 
ness and covering both hills and valleys for a distance of 15 to 20 
miles. 

The loess is a gray or buff calcareous material composed largely of 
fine sand and containing lime nodules and snail shells; the yellow 
loam is less calcareous and in part coarser grained and does not con- 
tain fossils. The loam is more variable in composition than the loess 
and in places contains a large Amount of medium-grained sand. It 
underlies the loess. The loess forms smooth, almost vertical ex- 
posures; the loam forms equally steep slopes but develops a but- 
tressed or crenelated appearance and on further weathering shows a 
roughened, cracked surface which differs from that of the loess. The 
loess gradually disappears a few miles east of Big B\^qVl^\n^x%>3w^ 
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loam, however, is well developed where the loess disappears and ex- 
tends, though diminishing in thickness, 5 to 10 miles farther east. 
The loess gives rise to a peculiar topography (see p. 96), which is 
characterized by steep slopes and irregular drainage. Old roisidbeds 
are in places entrenched 40 to 50 feet in it where the roads descend 
from the hills to the valleys, and in rough coimtry the roads are 
worn to an even grade by traffic and running water acting on the 
homogeneous material. The loess shows very faint lines of stratifi- 
cation, if any, and appears to consist of a uniform mass of fine dust- 
like material. In many railroad cuts it shows distinct lines parallel 
to the surface configuration, which appear to represent a feature of 
surface weathering. 

The loess is believed to be a wind-blown deposit, which was 
brought up from extensive mud flats that bordered the Mississippi 
below its bluffs during the glacial and interglacial stages and spread 
over the bluffs to the east of the river. 

STBUCTTTBE. 
GENERAL FEATURES. 

The general structure of the Gulf Coastal Plain is simple. A series 
of beds slopes gently southward and passes successively deeper and 
deeper beneath more recent deposits toward the coast. This general 
dip toward the coast is interrupted by local steepening or flattening 
and in a few places by a reversal in direction. These irregularities of 
dip, which are of greatest significance in the accumulation of oil and 
gas in valuable pools, are well illustrated in the Vicksburg-Jackson 
area. 

The principal structural features of this area are the Jackson anti- 
cline, the Vicksburg monocline,^ and the Eldorado monocline. There 
are other features which are small, irregular, and not well outlined. 
The two monoclinal folds are believed to be older than the Jackson 
anticline, which has interrupted their eastern extension. These 
structural features are post-Catahoula in age and probably in large 
measure earlier than the highest terrace deposits. 

METHOD AND ACCURACY OF REPRESENTATION. 

Structure may be thought of as the surface form of a single stra- 
tum of rock, including its upfolds, or anticlines, and its downfolds, 
or synclines. The shape and location of such folds are best repre- 
sented on a map by contours, or lines connecting points of equal ele- 

^ The term monocline here signifies the downward bend and tilted portion of a series of 
approximately horizontal beds. A series of such monoclines produces step folds with stmc- 
tural terraces between them. 
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vation on the stratum taken for reference, which in the area here con- 
sidered is the Vicksburg limestone. On the accompanying map the 
lines are drawn at intervals of 20 feet and are marked with the ele- 
vation above sea level of the top of the hard middle limestone mem- 
ber of the Vicksburg. It is evident that the lines of different eleva- 
tion will be close together where the rocks dip steeply and far apart 
on gentle slopes, and the dip is from the contour with the higher 
number to the adjoining one with a lower. Thus contours represent 
both the direction and rate of dip. 

The hard limestone near the middle of the Vicksburg formation 
(Nos. 17 to 13 in the section, p. 102) was chosen as the datum of ref- 
erence, or key rock, because it contains the most clearly recognized 
and easily traced beds in the region. Elevations were taken on all 
the outcrops of this limestone in the area, and where the outcrops are 
numerous the structure is definitely determinable and is outlined 
with solid contour. Where so represented the contours are believed 
to be correct within 10 feet. Where exposures of the limestone are 
far apart, and where other less well-defined beds were used for ref- 
erence and the interval to the limestone calculated, broken contours 
are used. Finally, where the data were still less reliable the broken 
contours are questioned. In general, it is believed that the unques- 
tioned broken contours are correct within 20 feet. Although much 
of the structure is outlined by broken contours, there are enough 
solid ones to show that the structure is essentially as represented. 

JACKSON ANTICLINE. 

The city of Jackson is situated near the center of a broad, gentle 
fold, which shows a domelike arch in cross section from northwest 
to southeast, and a terrace-like form from northeast to southwest, 
as shown on Plate VIII. Near the southwestern and southern parts 
of the anticline the dips are steepest, as much as 60 to 70 feet to 
the mile; and in the northwestern and southwestern parts the dips 
are gentle, at a rate of 30 feet and less per mile. The northern extent 
of this fold has not been determined, and as Hilgard * has stated the 
beds are at least as high at Jackson as at Canton, 25 miles farther 
north. The beds are nearly horizontal in the intermediate area, 
but have possibly a slight northerly dip. Thus the fold is more 
strongly developed here than farther north, even if it continues 
beyond the area mapped. This development of the fold necessarily 
follows from its transverse position with regard to the dip of the 
beds which, if the deformation were equal at both ends, would make 
the elevation of the beds lower on the south. 

From a short distance north of Jackson there is probably a slight 
dip northward toward Madison Station, although the exposures are 

^ Hilgard, E. W^ Geology and agriculture of Mississippi, pp. 12^12d« 1%^^. 
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not sufficient to determine its amount. This dip is evident from the 
presence of lower beds at Jackson than are exposed in the area to 
the north. Just where the southerly dip observed at Jackson flattens 
and is reversed in direction can not be accurately stated, but it is cer- 
tainly only a short distance north of town. 

The anticline is represented on the accompanying map (PL VULl) 
as more flat topped than it really is, because it is not possible, with the 
information available, to locate accurately the contours above 460 
feet. That the fold in the area rises above that level is proved by 
the presence of the middle clay member of the Jackson at such an 
elevation on the hills that if the interval between its top and the top 
of the limestone be added the limestone would lie at about 500 feet. 
This proves that the fold is at least that high, but how much higher 
can not be stated, because the clay is uniform in lithology, and no 
key beds have been recognized in it. 

There are two minor folds shown on the sides of the anticline that 
are of interest — one at Forest Hill School, which seems either to 
parallel the axis of the major fold or to be a continuation of it, and 
the other near Plain. Both are shown by slight deflections of the 
contour lines. The continuation of the one near Plain as a cross fold, 
passing northwest near Jackson, would account for the beds there 
being higher than farther north. 

The general dip beyond the southern limits of the area contoured is 
southerly at the gentle rate of about 20 to 30 feet to the mile. 

VICKSBURG AND ELDORADO MONOCLINES. 

The folding west of Big Black River is much less pronounced and 
in a different direction from that near Jackson. Here the rocks are 
only slightly disturbed from their normal position, and, instead of 
having a general southerly dip over the entire area, the dip is accentu- 
ated at two places, forming monoclinal folds. In the intermediate 
area the rocks are practically horizontal, forming a structural ter- 
race. Both these folds are more pronounced to the west, and they 
lose their individuality east of Big Black River in the long, gentle 
slope which forms the west limb of the Jackson anticline. 

The downward bend of the strata which forms the Vicksburg 
monocline extends from Vicksburg northeast past Bovina to Big 
Black River, as outlined on Plate VITI. From this place the strata 
dip southward at an average rate of 18 feet to the mile, and the Vicks- 
burg limestone gradually disappears under the overlying Catahoula 
sandstone. 

North of this fold the beds remain flat for about 10 miles, forming 
a broad structural terrace which has a slight upwarp near its middle 
j)ai-t. Bej^ond this level stretch the beds bend upward for a few 
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miles, forming the Eldorado monocline and flatten again. The 
crest* of this monocline extends from a point near Eldorado post 
office southeast toward Cox P^'erry on the Big Black, where it is ob- 
scured by other folds to the east. (See PI. VIII, in pocket, for exact 
location.) At the west end of the fold, as mapped, the dip to the 
south is about 25 feet to the mile from the crest of the monocline, 
and north of it the dip gradually lessens and the beds become hori- 
zontal and remain so to a point beyond Phoenix. The east end of 
the monocline is less pronounced and is obscured by other gentle folds 
to the east 

There are no e2q>osttres of the key rock in the area between Big 
Black and Yazoo rivers, and the contours are drawn across this area 
in the most direct way. The Vicksburg and Eldorado monoclines 
do not end abruptly at the bluffs on the east side of Mississippi and 
Yazoo rivers, but their western continuation can not be shown be- 
cause of the absence of exposures in that direction. 

MINOR STRUCTURAL FEATURES. 

A fold of unknown form and magnitude is suggested by the con- 
tour lines near Brownsville. The exposures in that area have not 
been sufficiently studied to determine the exact character of the fold- 
ing, which, however, may not be worth further investigation unless 
the main structures here outlined prove to be productive. 

Another irregularity in the general dip of the rocks is found near 
Champion Hill. The Vicksburg limestone is exposed at about the 
same level near this station as it is 5 miles southwest on Jackson 
Creek, IJ miles above the place where it empties into Bakers Creek 
and 3J miles south-southeast of Edwards. The exposures here are 
not sufficient for an exact determination of the structure, which is 
believed to have the form suggested on the map (PL VIII, in pocket). 

Near the middle of the broad structural terrace between the Vicks- 
burg and Eldorado monoclines there is a low, gentle rise which dies 
out to the west and forms a projecting anticline from the larger fold 
to the east. The location of this anticline is only approximately 
shown, because of the absence of exposures over the area. 

FAULTS. 

Breaks in the strata, called faults, are not believed to be common 
in this area, and evidence of only two has been found ; one occurs on 
Kichland Creek, 5 miles southwest of Brandon, and the other on 
Pearl River, below Jackson. 

1 The line alonur which approximately horizontal strata are bent downward to form a 
monocline la called the crest of the monocline. It Is onaloKous to the axis of an anticline. 
The position of such a line is dlflTcrent for each successive stratum. In this report the loca- 
tion of the crest Is determined from observations on the top of the hard limestone of the 
Vickslmrg. 
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One-half mile down Richland Creek from the crossing of the 
Brandon-Florence road a thick bed of Catahoula sandstone crosses 
the creek and dips at a high angle to the north. This outcrop is 
between two exposures of the Vicksburg on the same creek and 
appears to represent a part of the Catahoula exposed in the bluff of 
the creek near by. Its abnormal dip is believed to be due to a fault 

At Richmond Lake Bluff on Pearl River, 5| miles by air Ime below 
Jackson, a prominent exposure of bluish calcareous clay with thin 
layers of earthy limestone of Jackson formation dips at the abnormal 
rate of 5°-6® S. This steep dip appears to continue for some distance 
downstream, and in the NW. J NW. i sea 10, T. 4 N., R. 1 E., near 
the upper end of Steamboat Bayou, 30 to 40 feet of the overlying 
sand is exposed. Here the river bottom contains numerous silicified 
logs, which appear to have weathered out of the sand, a bed in 
which they are abundant. Around the bend to the east the under- 
lying gray calcareous clay is again found, thus suggesting that the 
abnormal dip above mentioned is due to an eastward-trending fault 
which has a downthrow on the north side that brings the " Madison 
sand" into contact with the underlying clay (Yazoo clay of Lowe). 
As further evidence of this break, one-third mile below the supposed 
fault a long exposure in the west bank of the river shows a number 
of small faults which have throws of a foot or less, with the down- 
throw on the north side. These faults are clearly shown by a thin 
layer of limestone in a clay bed. The general dip here is about 
normal. 

POSSIBIUTIES OF OIIj AND GAS. 

GENERAL CONSIDERATIONS. 

The occurrence of oil and gas in commercial quantities depends 
on a number of factors, among which may be mentioned condi- 
tions favoring the formation of oil or gas, the presence of a porous 
stratum, or " sand," between two impervious layers to act as a reser- 
voir, and favorable structure for accumulation. 

Although it has been said that "the best indication of oil is a 
little oil," there are a number of the important fields in this country 
which showed no trace of oil prior to the tapping of the productive 
sand by the drill. This was true of the Caddo, De Soto and Red 
River, and Corsicana fields and, with the exception of salt domes, 
seems to be particularly true of Coastal Plain fields, where the gentle 
folds have not been greatly faulted, and where the soft shale and 
clay may seal those faults that are present so as to prevent leakage. 
Thus the lack of seeps of oil can not be used as a proof of its absence 
in the underlying strata. Drilling, moreover, has not been deep 
enough to throw any light on the subject, for nowhere in this area 
or in the neighboring region has even the horizon of the shallowest 
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oil-bearing formation of northwest Louisiana been reached. Thus 
the absence of direct evidence here, and the distance from the nearest 
productive fields in northwest Louisiana, leaves this question un- 
solved, although the similarity in the geology of the two regions 
encourages the belief that oil may occur here. 

The presence of a porous stratum to serve as a reservoir for the 
accumulation of the oil is practically assured, as sands approxi- 
mately the equivalent of those that are productive in Louisiana, the 
Ripley and Tuscaloosa, are known to dip under this region, although 
their depth and nature here are imperfectly known. 

The structures here described, though not so pronounced as they 
are in some parts of the productive Coastal Plain fields, are more 
pronounced than in others, and in many ways similar to them. The 
Jackson anticline is believed to contain the most favorable area for 
the accumulation of oil and gas because of its similarity to anticlines 
in northwest Louisiana. Although it is not possible to point out as 
accurately as desired the most favorable locality on this fold for 
testing; a well located anywhere on it inside of the 460- foot contour 
would have a better chance of success than the average wildcat well 
located without regard to structure. 

HOST PBOMISINa AKEAS FOB PBOSPECTING. 

The prominent structural features of the area, as described under 
the heading "Structure" (pp. 108-112), are the Jackson anticline 
and the Vicksburg and the Eldorado monoclines. The most favorable 
areas for oil and gas accumulations lie in these folds, as stated in the 
following paragraphs. 

JACKSON ANTICLINE. 

As shown on Plate VIII (in pocket), the Jackson anticline is a 
broad, gentle, semicircular fold from which the rocks dip in three 
directions. Its northern extension is not known, and neither is the 
shape of its top, a feature of special significance in connection with 
the location of favorable areas for prospecting. The reasons for 
believing it is not as flat-topped as indicated on the map have been 
given. A gentle rise of the strata from the south edge of Jackson for 
about 2 miles north and the presence near the north edge of town of 
beds lower than any exposed farther north suggest the culmination of 
the fold near that place. 

In the absence of definite knowledge regarding the exact form of 
the top of this fold there are two possible interpretations which are 
worthy of consideration because of their bearing on the possible accu- 
mulation of oil and gas : Either the fold has a well-defined axis from 
which the rocks dip gently but probably at an increasing angle or the 
top of the fold is flat and without a well-defined axis, and the dips 
become flatter above the 460- foot contour. 
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The evidence seems to indicate that the fold has a fairly well- 
defined axis, and that the anticline along this indefinite line is 
much higher than 400 feet If minor folds cross this inferred 
axis, such cross folds would be eminently satisfactory as places to 
test the structure, for it is not believed that there are any sjmclines 
on the fold deep enough to trap the oil or gas and prevent migration 
to them. The best chance for success appears to be near the supposed 
axis, where the anticline is believed to be highest and where there is 
a suggestion of such a cross fold, as near the north edge of Jackson 
in sec. 34 or 26, T. 6 N., K. 1 E. 

If the fold is flat-topped and the dip becomes decidedly flatter 
above the 460-foot contour, a favorable place to drill would be near 
this contour and at a place where the dip on the flank of the fold is 
show^n to be steepest, as near Forest Hill School and near Clinton. 
A well about half a mile inside this contour and near these two places 
would probably be favorably located to test these areas and should at 
least make a showing if there are accumulations of oil or gas in the 
vicinity. Such tests might l>e made in the SW. J sec. 14, T. 5 N., 
R. 1 W., near Forest Hill, and in the NE. J sec. 29, T. 6 N., R. 1 W., 
near Clinton. 

VICKSBUnO MONOC'LINE. 

Oil accumulates in areas where there is a change in the rate of 
dip and under structural conditions similar to those show^n to exist 
along the Vicksburg monocline, as outlined on the map (PI. VIII, in 
pocket). This monocline extends from the southern edge of Vicks- 
burg northeastward past Bovina to Big Black River near Askew 
Bridge, where it merges into the w^estern slope of the Jackson uplift. 
The crest or uj^per axis of this fold parallels and practically coin- 
cides with the 120-foot contour, as the beds are flat north of it for 
a distance which is considerably greater at the western end than 
at tlie eastern. As the structure is more definitely located and is 
probably more pronounced at the western end, the most favorable 
location for prospecting is near Vicksburg and on or close to the 
crest of the monocline, w^hich represents as accurately as can be 
shown the location of the downward bend of the strata. A belt a 
mile wide on each side of this line represents, according to the best 
information available, the location of possible productive territory. 

EIJX)RAI)0 MONOCLINE. 

The Eldorado monocline is similar to the Vicksburg monocline 
in general features, though it differs principally in that it extends 
south of cast instead of north of east. The crest of this fold, which 
represents the most favorable territory for prosi>ecting, extends 
from a point near Eldorado toward Cox Ferry on Bier Black River. 
Like the V'wk^huv^r monocline, it shows larger dips at its west end, 
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as mapped, and offers more favorable conditions there for oil or gas 
to accumulate. This area probably could be tested best by wells lo- 
cated along the crest of the monocline, as shown on the accompany- 
ing map (PI. VIII, in pocket), near Eldorado, for instance, in sec. 35 
or 36, T 9 N., R. 5 W. Unless good indications of oil or gas were 
obtained from a well here, further prospecting on this monocline 
would probably not be justifiable. 

DEPTH TO POSSIBLE OIL AND GAS BEABING POBMATIONS. 

A list of formations into which the rocks of the Vicksburg-Jackson 
area have been divided is given in the table on page 97. Of these 
the upper part of the Claiborne and overlying formations are known 
at the surface and are described on pages 97-108. The formations 
below the Claiborne are known from well records and surface out- 
crops outside of this area. The best available information as to the 
character and thickness of the different formations is summarized 
in the table on page 97, but for the benefit of the driller this informa- 
tion is elaborated in the following pages. The formations will be 
discussed in the order in which they are penetrated in a well, so that 
they may be followed and compared easily w^ith the well record. 

The following table shows the succession of formations of north- 
west Louisiana and their approximate equivalents in Mississippi. 
The correlation here suggested is true in only the most general way, 
as these formations, especially those of the Cretaceous, represent dif- 
ferent time intervals at different places in Mississippi. 

Partial section of Cretaceous and Tertiary formations of Mississippi and 

Ijouisiana. 



Geologieage. 


Mississippi. 


Northwestern I^uisiana. 




Clafbome group. 


Clail)ome group. 


EOOHM. 


Wiloox group. 


Wilcox fornmtion. 




Midway group. 


Midway formation. 




Ripley forxnaUon. 


ArVadelphin clay. 
Nacatocn sand. 


UppflrCreta- 


Belmacballc. 


Marlbrook marl. 
Annona chalk. 
Brownstown marl. 




Eutaw fomiation. 


Eagle Ford clay. 




Tuscaloosa formation. 


Woodbine sand. 



aTbeoomlatlonsheresaggested were made by L. W. Stephenson, who states that they area pproxl- 
mtoly true if a Motion along on east-west line tlirough Okalona, Chick:isaw Coimty, MLs^s., is com\>OLr«d 
wltlk uiBt of northwest Louisiaxia. 
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In Louisiana oil and gas are found in the Nacatoch, in the upper 
part of the Eagle Ford, called the Blossom sand member, and in the 
base of the Eagle Ford or in the Woodbine sand, the reservoir of the 
deep oil and gas of Caddo Parish. The corresponding formations in 
Mississippi, the Eipley, Eutaw, and Tuscaloosa, are the most prom- 
ising formations of the Vicksburg-Jackson area, not only because 
they are of approximately the same age as the productive formations 
of Louisiana and were deposited under similar conditions but also 
because they are composed largely of sand and are therefore capable 
of storing oil and gas. 

In the oil fields of northwest Louisiana the Wilcox outcrops, and 
the productive formations are nearer the surface than in this area, 
where the Jackson and Vicksburg formations outcrop. In the vicin- 
ity of Jackson the Claiborne is near the surface, and is exposed over 
a small area. At its outcrop farther to the northeast it has an esti- 
mated thickness of about 500 feet and across Mississippi River in 
Louisiana it has a thickness, based on well records, of about 1,500 
feet. This shows a rapid rate of thickening in that direction and 
indicates that this formation is considerably thicker at Vicksburg 
than at Jackson. In well records these beds are distinguished with 
difficulty, on the basis of their lithology, from the Wilcox beds be- 
low. The marine character of the Claiborne, as shown by the pres- 
ence of fossil shells, and the generally nonmarine character of the 
Wilcox, however, should make the separation possible, even in well 
records. In its upper part the Claiborne consists of lignitic clays 
and sands, which are reported to have a thickness of 418 feet at 
Jackson (see p. 98) ; below are marine marls and calcareous sands 
and finally several hundred feet of sandstones, quartzites, and clay 
stones. The Claiborne contains fresh water in the neighboring area 
to the north and will probably be found barren of oil and gas here. 

The Wilcox has been reached probably in only one well in this 
area — in the well at the Edwards House in Jackson. This well has 
a depth of 1,446 feet and yields a strong flow of salty water with a 
small showing of gas. So far the Wilcox has not yielded oil and 
gas in conmiercial quantities, but it has made showings of gas at a 
number of places and should be carefully watched when being drilled 
through. Its thickness is variously estimated from 850 to 1,500 feet, 
but it is probably not greater than 1,000 feet. Its upper and lower 
parts are very similar in composition and consist of lignitic clay 
and some sand ; its middle part is dominantly sandy. In the region 
near Jackson the depth to the base of the Wilcox is estimated to be 
about 2,000 to 2,500 feet. 

Below the Wilcox are the marine beds of clay, sandstone, lime- 
stone, and marl of the Midway group, which have a thickness of 
several hundred feet. In drilling these beds should be distinguished 
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from the overljring Wilcox by the difference in the rocks and by the 
presence of marine fossils. The composition of the Midway is such 
that it should serve well as an impervious cap for the Kipley sands 
below. 

The Ripley formation contains large amounts of sand at its outcrop, 
and though its composition in this area is believed to be similar, it 
may be represented here by chalky limestone similar to that com- 
posing the Selma chalk. If found to contain sand it should be thor- 
oughly tested, as it represents approximately the horizon of the Xaca- 
toch sand, which yields the shallow gas and heavy oil in northwest 
Louisiana. It can probably be reached in the vicinity of Jackson 
between 2,500 and 3,000 feet. 

Below the Ripley is the Selma chalk, which is roughly the equiv- 
alent of the " chalk " of northwest Louisiana and is similar to it in 
character. It should be an easily recognized formation in wells, as 
it differs strikingly from the formations both above and below. This 
formation has a measured thickness of 930 feet in a well at Living- 
ston, Ala., where it consists of sandy and argillaceous chalky limestone. 

The Eutaw formation, which lies below the Selma chalk, is com- 
posed chiefly of sand in the area of its outcrop and is believed to 
retain this sandy character in the Vicksburg- Jackson area, at least 
sufficiently to furnish a reservoir for the accumulation of oil and gas. 
Unless the overlying formations in this area are thinner than expected 
the Eutaw is the deepest formation that can be reached easily by the 
drill, if, indeed, it is not beyond easy reach. On the basis of the 
estimates referred to above it will be reached near Jackson at about 
3,500 or 4,000 feet. This formation is in part the equivalent of the 
Eagle Ford formation of Louisiana and may contain beds which 
are of the same age as the deep oil and gas bearing beds of that 
region, although the Eutaw is generally considered somewhat younger 
than the Eagle Ford. 

The estimates given above apply to the vicinity of Jackson ; at the 
Vicksburg and^Eldorado monoclines the depths to the various forma- 
tions are greater, probably as much as 500 feet or even more, owing to 
the presence of higher beds of Jackson and Vicksburg age and to the 
thickening in that direction of the Claiborne and possibly also the 
Jackson. The depths in the valley bottoms at the Eldorado mono- 
cline are somewhat less, about 80 feet, than at the Vicksburg monocline, 
if there is no variation in the thickness of the underlying beds between 
the places. At best these estimates are only approximations, as they 
are based on somewhat uncertain estimates of the thickness of the 
formations at their outcrop some distance away. As it seems more 
likely that the formations increase in thickness from their outcrop in 
this direction rather than decrease, the maximum depths were esti- 
mated so as to allow for a moderate amount oi ttiicVemxi^. 



118 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916^ PABT H. 

SUOaESTIONS TO DBJLLEBB. 

That a single hole is not sufficient to condemn any considerable 
area around it has been demonstrated in the history of a number of 
oil fields, particularly in those in which there are minor structural 
features and local variations in thickness and porosity of sands, 
which cause the productive area to be " spotted.'' However, as deep 
drilling is expensive, a wildcat well should be so managed as to give 
the greatest amount of information, not only as to the presence or 
absence of oil under a particular tract of land, but as to whether the 
general underground conditions are favorable to the occurrence of 
oil in that vicinity. 

To test this area adequately a deep hole must be drilled, and the 
hole should be bailed to test all the sands that are promising. This 
will require a large initial hole in order to accommodate successively 
smaller casings. The sands of the Kipley and Eutaw formations 
should be most carefully watched and tested by bailing, for a hole 
full of water heavily charged with mud may obscure or entirely 
hide traces of oil. Even a trace of oil in this area, which is so far 
from productive territory, may be of great importance in deciding 
which is the most promising sand and whether further drilling is 
justified. 

An accurate log of the well should be kept, with samples of cut- 
tings from each 20 feet, or less if the formation changes. Fossil 
shells should be carefully preserved, with a record of the depth from 
which they were obtained, for study by a specialist. By this means 
the different formations penetrated may be recognized and the posi- 
tion and thiclaiess of the sands, and their relationship to known 
productive sands, may be determined. This information may aid 
materially in locating small isolated pools or the presence of oil in 
other parts of the folds. 
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WELL LOGS. 

The following well logs indicate the general character of the 
formations in the Vicksburg- Jackson area : 

Log of well of Kimberly-Wing Co., Cedars, Miss, 



[Layne & Bowler Co., contractor and driller. Completed Dec. 
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28, 1910.' 


1 
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Depth. 
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Log of city well at Edwards^ Mi88. 
[Layne & Bowler Co., contractor and driller.] 
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AN ANTICLINAL FOLD NEAR BILLINGS, NOBLE COUNTY, 

OKLAHOMA. 



By A. E. Fath. 



INTRODUCTION. 

XNCENTIVE FOB INVESTIGATION. 

During February, 1916, gas was struck in small quantities at 
shallow depths in a well being drilled by the Mid-Co Petroleum 
Co. a few miles southeast of Billings, Noble County, Okla. As this 
discovery was made at a place more than 20 miles distant from any 
other known oil and gas development it has attracted considerable 
attention, which is justified by the presence of a large anticlinal 
fold, a type of structure that should be favorable for the accumu- 
lation of oil and gas. A description of the anticlinal fold and a 
discussion of the possibilities of developing an oil and gas field here 
are given in this brief report, which is based on a rapid examination 
of the region made late in February and early in March, 1916. 

LOCATION, ACCESSIBILITY, AND CULTUBE. 

The anticlinal fold to be described lies in the northwestern part of 
Noble County, Okla. (See fig. 1, p. iv.) It may extend northward 
into Kay Counly, but the scarcity of rock outcrops made it impos- 
sible to verify this supposition in advance of sufficient drilling to 
determine the underground structure. 

The town of Billings, which is at the terminus of a branch line of 
the Chicago, Bock Island & Pacific Railway running from Enid, is 
the nearest lapping point Bliss and Bed Bock are near-by towns on 
the Atchison, Topeka & Santa Fe Railway, which runs a short dis- 
tance east of the area shown on the accompanying map (PI. IX) . 
Perry, the county seat of Noble County, is 9 miles to the south, at the 
intersection of the Atchison, Topeka & Santa Fe and the St. Louis 
& San Francisco railroads. The region of the anticline can be 
reached from any of these towns. 

The surface of the area is in general a gently rolling prairie but 
is modified here and there by low escarpments where the more resist- 
ant beds have withstood erosion better than the adjacent softer beds. 
The region is almost devoid of timber except along th^ slt«.^s£L 

487(»*»— ^tttf. 641—17 9 ^^SX 
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valleys. Most of it is under cultivation and it contains many good 
farms. The roads follow the section lines and most of them are 
sufficiently good for automobile travel. 

METHODS OF FIELD WOBX. 

fl 

For lack of time a detailed map of the entire region was not made, 
but it is believed that the more important anticlinal features were 
determined with considerable accuracy. The structure contours on 
the map (PI. IX) are based on elevations and locations determined 
by means of plane table, telescopic alidade, and stadia rod. Such 
structure contours show how the rock beds lie. They usually refer to 
some particular bed and represent the elevations or altitude above 
some datum plane at which this bed may be found. Where the bed 
has been w^orn away they represent the elevations at which it lay be- 
fore it was removed. The elevations shown on Plate IX are based 
on a bench mark established by B. F. Lewis, surveyor of Garfield 
Coimty, at the southwest comer of sec 19, T. 24 N., R. 2 W., and 
described as a spike in a telephone pole at the northeast comer of the 
road intersection, elevation 1,036.31 feet. This bench mark is based 
on the elevation of a United States Geological Survey bench mark 
at Enid, Okla. At several places where lack of time did not permit 
accurate plane-table determinations of strike and dip the approxi- 
mate strike and dip as observed by the writer are shown on the map 
(PI. IX) by the ordinary strike and dip symbol. 
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tions to Valerius, McNutt & Hughes, Julius Fobs, Frank B. Van 
Horn, L. E. Trout, and the drillers of the Mid-Co Petroleum 
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GEOIiOGY. 

STBATIGRAPHT. 

The surface rocks of the region have an aggregate thickness of 
more than 150 feet and are predominantly shale, but include also 
sandstone and argillaceous limestone, all of Permian age. The posi- 
tion of these rocks in the Permian series is roughly estimated at 500 
to 900 feet above the horizon of the Neva limestone, which is gener- 
ally placed near the top of the underlying Pennsylvanian series. No 
single outcrop shows the complete succession of rocks exposed in the 
region, and hence to obtain the following stratigraphic section it was 
necessary to combine parts of the section measured at three localitie& 
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OompoHte 9eotion of exposed rocks measured in the BiUings region, 

Seetlm cxpoMd in the NW. | tec 2S, T. 2S N^ R. 2 W. 

Ft. In. 

1. Sandstone, reddish brown, cross-bedded, ripple 

marked; thickness variable 3± 

2. Shale and thin sandstones, poorly exposed, prob- 

ably reddish to chocolate-brown In color 19 

3. Sandstone, reddish brown, thin bedded, poorly ex- 

posed 1± 

4. Shale, reddish chocolate-colored ^ 5± 

5. Limestone, composed of angular limestone parti- 

cles 3 

6. Shale, gray; contains four thin limy layers in 

upper 2 feet 5 3 

7. Limestone, argillaceous, light gray 1 

8. a. Shale, gray to reddish chocolate-colored, about. 6± 
b. Shale, gray ; near middle contains a 4-inch layer 

of concretions as much as 2 inches in diam- 
eter 3 9 

9. Limestone, argillaceous, light gray 1 2 

10. o. Shale, gray -__ 1 

b. Shale, mottled greenish gray and red, limy near 

top 5 

11. Limestone, argillaceous, light gray ; thickness vari- 

able 6-10 

12. a. Shale, gray 4 

6. Shale, chocolate-colored 2 

13. Limestone, argillaceous, light gray 2± 

14. a. Shale, reddish gray 11 

b. Shale, reddish chocolate-colored; base not ex- 
posed 3+ 

0. Poorly exposed ; probably all shale 9± 

Seetlm cxpoMd in the NW. I ate 14, T. 2S N., R. 2 W. 

15. Sandstone, dark red, cross-bedded ; contains plant 

remains; thickness variable 1-5 

10. a. Shale, gray 5± 

b. Shale, maroon 1 

c. Shale, gray 5 

17. Limestone, argillaceous, light gray, thin l)edded; 

weathers out in small angular fragments 8 

18. Shale, gray, limy near top 9 

19. Limestone, argillaceous, light gray 3 

20. Shale, gray 3 

21. Limestone, argillaceous, light gray 3 

22. Shale, gray 6 

28. Limestone, argillaceous, light gray, rather mas- 
sive; contains mud cracks 8 

24. ck Shale, limy, and argillaceous limestone ; in beils 
i inch to 3 inches thick ; limestone light gray 
and shale dark gray 2 

d. Shale, not well exposed but probably gray 6 8 
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Ft in. 

25. Limestone, argillaceous, light gray; coDtains thin 

lenses of gray shale ; lowest bed 2i inches thick 
and contains many shells of the bivalved crus- 
tacean (Estherea cf. E. minuta). At some 
localities this bed is sandy 6 

26. a. Shale, gray to greenish gray . . _. _ 1 9 

b. Shale, dark gray, almost black . 9 

c. Shale, gray to yellowish gray 7 

27. Limestone, argillaceous, thin bedded; weathers 

out in small fragments; contains thin lenses of 

gray shale 1 2 

28. a. Shale, dark gray 1 1 

&. Shale, gray, more resistant near bottom and top 

than in middle 2 6 

c. Shale, gray to greenish gray 5 3 

29. Limestone, light gray, thin bedded, weathers out 

as small slabs or plates; shows some cross and 

wavy bedding ; contains thin lenses of gray shale. 1 6 

Section cxpoied in the NW. | tec 22, T. 23 N., R. 2 W. 

30. a. Shale, yellowish gray 5 

b. Shale, mottled gray and reddish gray 2 

c Shale, bluish gray 3 

d. Shale, very limy 1 

e. Shale, gray 5 6 

/. Shale, mottled greenish gray and reddish brown. 2 6 
g. Shale, gray, contains three thin limy layers, one 

7 inches, another 13 inches, and the other 18 

inches below the top 6 

h. Shale, reddish chocolate-colored 1 10 

i. Shale, gray 3 2 

/. Shale, very limy, light gray 2 

k. Shale, gray, contains one thin limy layer 3 

inches above bottom 2 9 

L Shale, reddish brown 5 6 

m. Shale, gray, base not shown 8-f 

154 6-1- 

The three most conspicuous of these strata were used as key beds in 
determining the details of the structure. These key beds are No. 29 
of the section, which is the lowest limestone bed; No. 15, which is 
the sandstone bed near the middle of the section ; and Nos. 1, 2, and 3, 
the group of sandstones at the top. The structure contours on the 
map show the position and elevation of bed No. 29, the lowermost 
limestone, which is generally very thin bedded and weathers out as 
thin plates or slabs. Where these characteristics are not pronounced 
or the outcrop is poor the bed can usually be identified by the pres- 
ence of the less prominent but fossiliferous limestone bed (No. 26) 
about 20 feet above it. The sandstone beds of the section usuaUy 
Jbrm prominent ledges and can generally be distinguished from one 
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another. The lowermost bed of sandstone (No. 15) ranges in thick- 
ness from a few inches to 5 feet and can be distinguished from the 
upper bed by its association with the thin limestones beneath rather 
than by any inherent characteristics of its own. The upper sand- 
stones can be identified by the presence immediately beneath them of 
a considerable thickness of associated chocolate-colored shale. These 
associations are not uniformly persistent, but by a study of the sec- 
tion in the field the beds can usually be discriminated. 

STRnCTUBE. 
GENERAL FEATURES. 

The rock beds of northeastern and north-central Oklahoma gener- 
ally dip to the west or the northwest, and in north-central Okla- 
homa the average dip at different places ranges from 25 to 50 feet 
to the mile. Wherever the dip to the west is typically developed the 
place is unfavorable for finding oil and gas. Oil and gas are more 
likely to be found at places where the rocks have been warped or 
folded and the beds either lie flat or dip to the east. The size and 
value of the more productive oil fields of Oklahoma depend almost 
directly on the areal extent of the folds and the amount of their dip 
to the east, and if these are here the controlling features, the anti- 
clinal fold herein described, which resembles that of the developed 
oil fields in Oklahoma, should be favorable to the accumulation of 
oil and gas in this region. 

yhe anticlinal fold in this area trends in general northeastward 
and occupies parts of at least Tps. 23 and 24 N., Rs. 1 and 2 W. 
As there are few outcrops its exact magnitude and extent can not 
be fully determined, but sufficient data are at hand to indicate its 
general shape and size. The scattered rock outcrops show that 
the anticlinal fold has at least two parts, an elongated dome to the 
southwest and a broad anticline to the northeast. 

THE DOME. 

Near the center of T. 23 N., R. 2 W., the anticlinal fold is nar- 
rower and its sides are steeper than elsewhere, as is shown by the 
rock beds, which are excellently exposed here. This local feature is 
oval and may be called a short anticline or, preferably, an elongated 

dome^ 

Unlike many other anticlines and domes in Oklahoma, whose 
forms can be determined only by painstaking work or by doubtful 
correlation of beds, this dome is so well exposed that it can be readily 
seen even by the layman. The structure can be observed to the best 
advantage by looking south and west from the norttveflL^fetY^ ^^\:^ 
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of sec. 15, T. 23 X., K. 2 W. ; and by looking west, north, and east 
from the top of the escarpment near the center of the northern part 
of sec. 22 of the same township. From the first point of observation 
the crest of the fold may be seen near the north quarter comer of 
sec. 22, where the beds in the escarpment are practically flat. The 
dip to the east may be seen in the escarpment east of this crest and 
can be followed into the west side of sec. 14. From the second point 
of observation the thin limestone beds can readily be seen descending 
both to the east and the west from the crest of the dome. 

The highest part of the dome is in the south-central part of sec 15. 
As before mentioned, the dome is oval and appears to extend south- 
westward into the SE. J sec. 21 and northeastward into the SE; J 
sec. 10. The southeast dip on the dome persists for at least a mile, 
and in this distance the beds descend in elevation more than 130 
feet. Exactly how far this dip to the southeast persists is not known, 
for the rock outcrops are insufficient to permit its determination 
farther. 

On the northwest side of the dome the beds dip away steeply for 
a mile or more before they resume the normally gentle westward 
dip of the region. 

The southwestern termination of the dome appears to be in the 
NE. i sec. 28, although this assumption could not be definitely proved. 
It seems probable that the sandstone which crops out in the road 
about a quarter of a mile east of the southwest corner of sec 22 is 
the lowest sandstone bed (No. 15 of the section on pp. 123-124). The 
sandstone exposed a few hundred feet north of the south quarter 
corner of sec. 22 is almost ci2rtainly the highest sandstone bed (No! 1) 
of the section. Less ceiiainly, but probably, the sandstone exposed 
in the center of the SW. J NW. i sec. 27 and the residual sand- 
stone near the center of the NE. J sec. 28 are from this same bed. 
Whether or not the slope of the surface in the SW. i sec. 22 and the 
SE. 4 sec. 21 represents roughly the position in which the under- 
ground rock beds lie (dip slopes) can not be certainly determined, but 
the position of the few scattered outcrops just mentioned seems to 
lend some basis for this assumption. 

The dip of the beds in the NW. J sec. 15 is almost north and indi- 
cates that the dome is lower in the northern part of this section than 
farther south. The structure here could not be exactly determined 
for lack of outcrops, but it is probable that a " low " or " saddle " in 
the anticlinal axis in this locality marks the northeastern termina- 
tion of the dome. 

THE ANTICUNE. 

The northern and apparently the larger part of the Billings anti- 

clinal fold can not be so fully nor so readily distinguished be- 

caiise of insuMcient rock outcrops. It \s a broad fold at least 6 miles 
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wide and can be traced with certainty northeastward for about 7 
miles. It narrows abruptly at its southern extremity, where it is 
connected with the dome to the southwest by a " low " or " saddle." 
Its sides are poorly outlined by two belts of scattered outcrops — an 
eastern belt, in which the beds dip to the southeast and which extends 
from the SW. i sec. 23, T. 24 N., R. 1 W., to the NW. i sec. 16, T. 
23 N., R. 1 W., and a western belt, in which the beds dip to the west 
and which extends from the SW. J sec 31, T. 25 N., R. 2 W., to the 
NW. i sec 3, T. 23 N., R. 2 W. The eastern limit of the eastward- 
dipping beds was determined at but one place — in the SE. i sec. 22, 
T. 24 N., R. 1 W- On the northeast there are no outcrops that indi- 
cate the character and location of that end of the anticline. The axis 
of the fold is indistinctly indicated at one place ; it appears to cross 
sees. 30 and 31, T. 24 N., R. 1 W., in a northeasterly direction. 

In the belts of outcrops mentioned above, the beds exposed are 
the same as those in the dome to the southwest, and they can be 
recognized with comparative ease. The almost complete absence of 
rock outcrops in the northern part of T. 24 N., R. 1 W., leaves the 
attitude of the northeast end of the anticline a matter of conjecture 
only. Whether the beds north of sees. 22 and 23, T. 24 N., rise rap- 
idly and resume the normal westward dip, thereby terminating the 
anticline within this township, or whether they continue to strike 
northeastward and thereby extend the anticline to the township and 
county to the north can not be determined. The presence of the 
broad, silt-covered valley of Salt Fork River would appear to pre- 
clude any possibility of finding the northeast end of the anticline in 
the township on the north, as even the upland on the south contains 
practically no outcrops. 

In the area embraced by the two belts of outcrops that outline 
the southeastern and northwestern flanks of the anticline there are 
a few scattered outcrops that expose beds of shale and thin beds of 
sandstone. These were not traced from place to place, and their 
exact position with reference to the beds of the measured section on 
pages 123-124 is not known, but they lie below the limestone-bearing 
aeries shown in the section. The strike and dip at several of these 
outcrops are more or less apparent, and the writer's observations 
are shown on the map (PL IX) by strike and dip symbols. An accu- 
rate determination of the strike and dip was made instrumentally 
in the SE. i sec. 31, T. 24 N., R. 1 W., and these are shown on the 
map by a few short contours. A dip of 18 feet in 500 feet, or at an 
an^e of about 2°, was measured by hand level and pacing in a 
" wash '' in the SW. i sec 32, T. 24 N., R. 1 W. The direction of 
this dip was measured on a line trending S. 72° E. The exact strike 
of the beds was not determined. These observations, together with 
the attitude of the beds in the southeastern belt of outcro^^ tsv^sol- 
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tionecl above, indicate a dip to the southeast in a zone that averages 
more than three-quarters of a mile in width. This southeastward 
dip doubtless extends in both directions, but how far can not be 
determined. The amount of dip can also not be determined with 
any certainty. Estimates of the amount of dip to the southeast by 
different geologists would probably differ considerably. To the 
writer, 100 feet would be a low estimate ; he would rather consider it 
equal to or even greater than that of the east dip on the dome, which, 
measured at one place, was about 130 feet. 

The strong dip to the southeast observed in the SW. i sec 82, the 
dip to the south measured in sec. 31, and the probable dip to the west 
observed in the east-central part of sec. 36 and the NE. J sec. 25, 
T. 24 N., R. 2 W., indicate that the crest of the anticline probably 
crosses sees, 30 and 31. 

The eastern limit of the easterly dip was determined at one place, 
in the southeastern part of sec. 22, T. 24 N., R. 1 W., for in sec. 23 
of the same township the dip is to the west. The axis of the syncline 
thus formed by the convergence of eastward and westward dipping 
beds can probably be followed southward, but the poor outcrops in 
this locality would necessarily make the work slow and uncertain. 

A study of the structure contours shows that the anticline pitches 

to the southwest. The rise of the anticline to the northeast may 

produce either a broadening or a flattening of the structure in this 

direction. If it flattens, t^e northern extension of the dip to the 

east may terminate in T. 24 N., R. 1 W., and the beds may there 

resume their normal dip to the west. If the anticline does not flatten 

but continues northeastward, it probably extends northward to T. 25 

N., R. 1 W. The drill will no doubt at some time furnish much 

of the information which is now lacking because of the absence of 

rock exposures. 

DEVEIjOPMENT. 

The well in which the original discovery of gas in the Billings 
region was made was drilled by the Mid-Co Petroleum Co. It is 
on the W. Hoover farm, near the center of the north line of the 
SW. i sec. 22, T. 23 N., R. 2 W., and is high on the dome. The 
month of the well is about at the horizon of bed 24 of the strati- 
graphic section given on pages 123-124. Up to May 8, 1916, drilling 
had reached a depth of -about 1,570 feet. 

After the discovery of gas in the dome, the Humphreys Petroleum 
Co., according to press reports, started two wells* on the anticline. 
One of these is located on the Fred Murray farm, in sec. 17, T. 24 
N., R. 1 W., and the other is in sec. 20, T. 24 N., R. 1 W. A depth of 
about 500 feet has been reported for the one in sec. 17. 



' T/jff reported locations ot these wells were received too late to be incorporated od 
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OHi AND GAS SANDS. 

The Mid-Co Petroleum Co.'s well, which is on the dome, has en- 
countered seven gas sands (see log on p. 133) at depths of 570-^82, 
740-755, 830-^2, 860-870, 880-905, 1,027-1,047, and 1,470-1,545 feet. 
Each sand encountered increased the production, and, according to 
the trade journals, the well is now capable of producing several 
million cubic feet of gas a day. 

The Humphreys Petroleum Co.'s well in sec. 17, T. 24 N., R. 1 W., 
is reported to have struck a gas sand at a depth of 470 feet. Whether 
or not this gas sand is the same as the highest sand in the Mid-Co 
Petroleum Co.'s well is not known. 

The finding of gas sands in the Mid-Co well shows that the dome 
is favorable for the accumulation of gas, even at shallow depths. 
The quantity of gas found in the Humphreys test on the anticline 
was not reported. Its presence, however, is encouraging, and would 
seem to indicate that the anticline also contains paying quantities 
of gas. 

In any further discussion of the possibilities for finding additional 
oil and gas sands in this or any other region the relation of the area 
to all the near-by oil and gas producing regions should be considered. 
Three such regions must be considered in relation to the Billings 
anticlinal fold. Located with reference to the Mid-Co Petroleum 
Co.'s well, they are the Blackwell oil and gas field, about 30 miles 
to the north ; the Ponca City oil and gas field, about 21 miles to the 
northeast; and the area in which the Watchom & Fortuna Oil Co.'s 
gas wells were recently drilled, 23 miles to the east. 

The Watchom & Fortuna Oil Co.'s first well, in so far as the well 
record (see p. 134) shows, encoimtered no oil and gas sands until it 
reached a depth of 1,990 feet. Twenty-five feet below this depth — 
that is, at a depth of 2,015 feet — it encountered its main flow, which 
yielded an initial production of over 35,000,000 cubic feet of gas a 
day. If this prolific gas sand extends northwestward it should have 
been penetrated by all the deep wells in the Ponca City field. As far 
as the writer is aware no prolific gas sand has been reported at Ponca 
City at a depth of 2,000 to 2,300 feet, where this sand should be 
found. 

In the Ponca City field, northeast of the Mid-Co Petroleum Co.'s 
well, there are several shallow gas sands and three deeper oil sands, 
at depths of about 975, 1,330, and 1,550 feet. The two lower are the 
only productive oil sands.* These oil sands or closely related sands 
are either barren or absent in the region of the Watchom & Fortuna 
Oil Co.'s wells. Records of two Ponca City wells are given on 
pages 134-186. 

^Obern, D. W., and Garrett, R. B., The Ponca City oV\ and «^% t^%\d*. O^BX-B^tiwa*. ^^V 
Burrej Bnii. 16, pp. 28-29, 1912, 
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In 1911 a dry hole was drilled on the 101 Banch, in sec. 25, T. 25 N., 
K. 1 E., which is 3 miles nearer to the Mid-Co Petroleum Co-'s well 
than the Ponca City field. The log of the drilling is given on 
page 136. 

In the Blackwell field, in Kay Coonty, north of the area here 
discussed, there are many gas s&nds, both shallow and deep, and one 
deep producing oil sand, from which some wells have had initial 
productions of over 1,000 barrels a day. Logs of two wells in this 
field are given on pages 137-138. The Blackwell field is 13 miles dis- 
tant from the Ponca City field. The two fields are similar in respect 
to the presence of niunerous shallow gas sands. The oil sands of the 
Ponca City field are either gas bearing, barren, or absent at Black- 
well, where it might be expected that they would be found 100 to 
400 feet lower than at Ponca City. Similarly, the deep oil and gas 
sand at Blackwell is either absent or nonproductive in the wells that 
penetrate its horizon at Ponca City. 

As far as it has been developed, the dome in the Billings region 
is similar to the Ponca City and Blackwell fields in respect to the 
presence of numerous shallow gas sands. It appears, however, that 
the producing sands at Blackwell, at Ponca City, or in the Watchom 
& Fortuna Oil Co.'s wells, in sec. 33, T. 23 N., R. 3 E., and sec. 4, 
T. 22 N., R. 3 E., are not of the persistent type, such as the Bartles- 
ville and other sands found farther east in the State. Because of 
this apparent nonpersistency, especially of the more prolific oil sands, 
the probability that these particular sands will be productive in the 
Billings region seems small. However, the fact that the oil sands 
are more or less local in extent gives hope that local oil sands will 
also be found in the Billings region. 

If any of the producing sands at Blackwell persist southward into 
the Billings region and are there capable of producing either oil op 
gas, it is the writer's opinion, which, however, is not based on field 
work done between the two areas, that, imless there is a considentble 
change in the thickness of the beds in the intervening area, the 
sands should be found at practically the same depth with reference 
to sea level in the two fields, which appear to be almost in line with 
the regional strike of the rocks. In like manner the producing 
sands of the Ponca City field should lie 200 to 500 feet lower in the 
Billings region than at Ponca City, and the gas sand of the Wat- 
chom & Fortuna Oil Co.'s wells should lie 300 to 600 feet lower. 

The value 6f a commercial oil or gas pool depends directly on the 
areal extent and richness of the pay sands and inversely on the 
depth at which the oil or gas is found. The deeper the sands the 
richer must the production be to put the wells on a commercial basis. 
The deepest known producing sands in north-central Oklahoma are 
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in the Blackwell field, at a depth of about :^,H0() feet. There is no 
apparent reason why oil or jjas bearin^^: sands may not exist in the 
Billings region at the same or even greater depths than at Blackwell, 
and for this reason a favorably located deep test well should be 
drilled there at some future time. If highly productive sands are 
found at shallow depths such a deep test will naturally be deferre<l 
until it seems advisable to look for additional producing sands. 

REIiATIVE VALUES OF THE PROSPECTIVE OHi AKD GAS 

LANDS. 

The region discussed in this report is probably all under lease by 
oil and gas companies, and it is therefore believed that the dome and 
anticline will be thoroughly tested. The insertion here of any state- 
ment as to the value of different parts of the region for drilling 
will probably not seriously influence any plans for development, 
but inasmuch as this report is for the benefit, not only of geologists 
and oil and gas producers, but also of the general public and those 
unfamiliar with the interpretation of geologic structure with refer- 
ence to oil and gas, a few notes are given. It is a generally accepted 
fact that only the drill can determine the exact oil and gas value of 
any piece of land. For this reason the following discussion of land 
values must be tentative and suggestive only. It is based entirely 
on geologic structure and the fact that the rocks underlying the 
region are yielding commercial quantities of oil and gas in localities 
near by, these being the only factors governing the occurrence of 
oil and gas that can be determined by a study of the surface of the 
region. It must also be understood that other geologists may arrive 
at different conclusions from those here presented, and inasmuch 
as any such conclusions are more or less theoretical, all of them may 
carry equal weight 

Until drilling has definitely demonstrated the relative value for 
oil and gas of the different land units in the field, the crests of the 
dome and the anticline must be assumed to be the most valuable. 
The land lying immediately adjacent to the crests ranks next to 
them in value^ Farther from the crests, however, the value de- 
creases rapidly, being governed by the rate of dip and the distance 
from the crests. The greater the dip the greater is the correspond- 
ing decrease in value with increasing distance, and in the troughs 
of the neighboring synclines the lands theoretically have no oil and 
gas value. 

On applying the principles above given to the dome, it would ap- 
pear that tiie most valuable land on this structure is included in the 
NW. I sec 22, the E. i NE. I sec. 21, the southeastern part of the 
SE. J sec. 16, and the SW. J and W. i SE. J sec. 15. The rest of 
sec 16, the northwest half of sec. 22, the norttiea* \i«\t oi ^rr,, ^\^ 
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tlie southeast half of sec. 16, the SE. ^ sec. 10, the soathwestern part 
of sec. 11, and a small area in the western and northwestern parts of 
sec. 14 are to be considered as next in value. Outside of these areas 
the probable value of the land decreases rapidly as its distance from 
the central area increases. As the dip is greater on the southeast 
side of the dome, the value of the land in this direction decreases 
more rapidly than it does on the west and northwest flanks. 

The valuation of the land on the anticline is much more difficult 
than of that on the dome, because the rock outcrops on which the 
determination of structure depends are much fewer in number. If 
the dip of the rocks on the anticline corresponds to the dip of 
the rocks on the dome, the steeper dips should be found on the 
southeast side, a relation which places the crest nearer the eastern 
than the western margin of the anticline. The crest appears to be 
twice as far from the belt of rocks outlining the western margin of 
the fold (see p. 127) as from the similar belt on the east and probably 
crosses sees. 30 and 31, T. 24 N., B. 1 W., as indicated by dips in a 
few rock outcrops in that vicinity. The highest land values would 
probably be included in a strip about a mile wide extending from 
sec. 1, T. 23 N., R. 2 W., northeastward to sec. 16, T. 24 N., R. 1 W. 
This strip would include parts or all of sec. 1, T. 23 N., R. 2 W.; 
sec. 6, T. 23 N., R. 1 W. ; sec. 36, T. 24 N., R. 2 W., and sees. 31, 82, 
30, 29, 19, 20, 21, 17, and 16, T. 24 N., R. 1 W. Land adjacent to 
this strip is promising territory, although not of equal value with the 
strip. Because of the greater dip on the southeast side of the anti- 
cline, land values decrease more rapidly in that direction than on the 
northwest side. To the noilheast, where practically nothing can be 
determined as to the structure of the rocks, the values may also 
decrease. 



CONCIiUSIONS REGA RDIN G THE POSSIBmnES OP T 

FIRST THREE TEST WEIiIiS. 

In view of the fact that the original test well in this region is being 
drilled on the dome, interest naturally centers on this local structure. 
Though the well is not on the highest point of the dome, which is in 
the south-central part of sec. 15, yet it is believed that if it is drilled 
deep enough it will make a fair test of the dome. 

The anticline, because of its larger areal extent and possible 
greater dip to the east, may be more promising than the dome. 
The two wells being drilled by the Humphreys Petroleum Co. ap- 
pear to be located on a favorable part of the anticline. Whether 
they are on the highest part of the anticline can not be determined 
because of the doubt as to the location and configuration of the anti- 
clinal crest. At the time this report was written these wells were 
not deep enough to base any definite conclusions on their findings. 
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WELL RECORDS. 

The following detailed i-ecords of wells were obtained in tlie course 
of the investigation : 
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Lop of Margaret Primeavx Ko. 7 Kelt in lec. j, T. 25 N., R. 2 L'. 
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Log of Margaret Primeaux No. 7 well in tec. i, T. 26 A'., R. i E. — Continued. 
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Log ot H. F. Wolf well No, i, 8W. i sec. tf, T. 28 N., R, 1 /•;. 
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lag of Ov* Bxcmtoa tceU So. 1, NE. | ko. S2, T. t9 y., R. 1 E. 
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OIL SHALE IN NORTHWESTERN COLORADO AND ADJACENT 

AREAS. 



By Dean E. Winohesteb. 



PREFATORY NOTE. 

By Mabius R. Campbell. 

For several years it has been known that some of the shale of the 
Green River formation in northwestern Colorado and northeastern 
Utah would produce oil when subjected to destructive distillation, 
but the yield of petroleum from the oil fields was so great that pro- 
duction by distillation did not seem to be feasible, despite the fact 
that in Scotland such an industry has long been developed and is 
to-day paying dividends on a large investment. 

The United States Geological Survey has regarded this oil shale as 
a great reserve — an imdeveloped resource — and one that would be 
developed as soon as the demand for petroleum greatly exceeded the 
supply. In anticipation of such an event, E. G. WoodruflE and David 
T. Day began, in 1913, an examination of the Green River forma- 
tion in Colorado and Utah and made rough field tests to determine 
the richness of the shale. Although these tests were not entirely 
satisfactory, they tended to confirm the general impression that this 
shale constitutes a source of oil which, sooner or later, will be called 
into use. Of course, no prediction could be made as to the date 
when this additional supply would be needed, but the Survey felt 
justified in continuing the geologic investigation, in order that when 
the time of need arrived it would have first-hand information on the 
richness and quantity of the shale available for distillation. Accord- 
ingly the field examination was continued during the summers of 
1914 and 1915 by Dean E. Winchester, who devised a more efficient 
and portable apparatus for determining not only the quantity of 
crude oil in the shale but also the amoimt of gas and of ammonium 
sulphate (fertilizer) that might be obtained as a by-product and sold. 
The experiments of Mr. Winchester confirmed the results of the 
work done in the previous year and indicated even more strongly 
that a great quantity of high-class fuel is locked up in this shale. 

At the present time, owing to the great increase in the consump- 
tion of gasoline and the failure to discover large new oil fields, it 
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seems that the day is approaching when this additional supply will 
be needed and that the public will demand all the information in 
the possession of the Geological Survey on this subject. I feel con- 
fident that this report of Mr. Winchester will supply many of the 
data needed to establish and develop the oil-shale industry in this 
coimtry. The report contains information showing the quantity and 
quality of the oil that may be distilled from the richer beds of shale, 
the number of such beds at the different localities examined, and 
the general distribution of the shale throughout northwestern Colo- 
rado and adjacent parts of Utah and Wyoming. Mr. Winchester's 
results, which have been corroborated by tests made in the labora- 
tory of the Bureau of Mines, show that the quantity of oil that can 
be derived from such shale ranges from less than 1 gallon to 90 gal- 
lons to the ton of shale. The field tests, however, were not intended 
to determine the best method of utilizing the shale in commercial 
operations, but simply to provide data for fixing approximately the 
value of the shale as it is found to-day. Mr. Winchester, as a result 
of the field tests, estimates that in Colorado alone there is enough 
shale to produce 20,000,000,000 barrels of oil, and it seems probable 
that in actual practice a greater yield than this can be obtained. 
He also estimates that 300,000,000 tons of ammonium sulphate 
could be recovered as a by-product in the manufacture of the oil. 

The results given in this paper show that although the Geological 
Survey has done only reconnaissance work in this region, it has 
demonstrated that the shale of the Green River formation will yield 
a vast quantity of oil, gas suj£cient to carry on the process of dis- 
tillation, and fertilizer enough to enrich most of the farms of the 
Middle West, and that this reserve is ready whenever the demand is 
sufficient to warrant the estabUshmont of a new industry to si\pple- 
ment the failing supply of petroleimi from the oil fields. 

INTRODUCTION. 

The economic study of the oil shale of Colorado and Utah was 
begun in 1913 by Woodruff and Day,^ and the results of their pre- 
liminary work showed that the shale of the Green River f oimation in 
Colorado and Utah will yield oil in commercial quantities when 
subjected to destructive distillation. As a result of a more detailed 
examination along the north, east, and southeast sides of the Uinta 
Basin, in northwestern Colorado, made during the summer of 1914 
and in eastern Utah in 19 1 5 the writer finds that although the thickest 
and richest beds of shale are exposed along the southern margin of the 
basin, nearly every section examined contains beds of shale moro 
than 3 feet thick that will yield considerable oil. An examination of 



i Woodruil, K. (}., and Day, T>. T., Oil shale of northwestern Colorado and northeastflm Utah: U. 8. 
Oeol. Survey null. 5S1, pp. 1-21, 1914 (Bull. 581-A). 
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ihe same formatiou in sou thwes torn Wyoming in 1915 indicates that 
in that area there are no thick beds of rich shale. 

The oil shale of the United States has received very Uttle attention, 
chiefly because petroleum has been abundant. Before petroleum 
was discovered in Pennsylvania the Monnons distilled oil from shale 
near Juab, Utah, where the ruins of an old still can yet be seen. 
Many attempts have been made to distill cannel coal, and a few 
experiments have been made with the Devonian black shale of the 
'Eadt, but no shale-oil industry has been established in America. 
According to Baskerville * there were 55 oil companies in the United 
States in 1860. ''Many of the companies were of small capacity and 
most of them were not more than fairly started when the discovery of 
petroleum paralyzed the industry.'' In Scotland, however, several 
well-established plants mine and distill shale of Carboniferous age. 
In 1908, according to Ells,* the oil-shale industry of Scotland em- 
ployed about 8,300 men, of whom nearly 4,000 were miners; and in 
the preceding year the production of oil shale in Scotland amoimted 
to 2,776,799 Gong) tons, and the average yield of crude oil was 23 
(Imperial) gallons to the long ton (24.6 United States gallons to the 
short ton).' The operations have paid dividends in spite of this low 
yield, because of the cheapness of labor, the value of the by-products, 
and lack of competition with petroleimi. The cost of mining shale 
in Scotland is reported by the same author to be $1 a ton, the cost of 
^ifat,il1ing the CTudo oil from the shale is 40 cents a ton, and the cost of 
lyiftlriTig ammonium sulphate (the principal by-product) from the 
shale is 46 cents a ton. AU mining in Scotland is undei^ound, and 
in many of the mines the shale beds dip at angles of 30^ to 60^ and 
there are numerous faults, which greatly increase the expense of 
mining. At many places in Colorado and Utah, however, the rich 
shale has only a light overburden (see PL XI) and could be mined 
with a steam shovel. 

In Col(»^do alone there is sufficient shale, in beds that are 3 feet or 
more thick and capable of yielding more oil than the average shale 
now mined in Scotland, to yield about 20,000,000,000 barrels of crude 
oil, from which 2,000,000,000 barrels of gasoline may be extracted by 
ordinary methods of refining, and in Utah there is probably an equal 
amount of shale just as rich. The same shale in Colorado, in addition 
to the oil, should produce with but little added cost about 300,000,000 

I BaalnrvOle, Chirlts, Economic possibilities of American oil shales: Eng. and Min. Jour.» vol. 88, pp. 
149-lM, 196-190, 1909. 

• JSOa, B. W., Beport on tests made in Scotland of oil shale sent from New Brunswick in the spring of 1908, 
with a view of ascertaining its economic value, especially as regards the yield of crude oO and sulphate of 
amoMmia, pp. 34, 26, Canada Dept. Mines, 1910. 

sjn this paper results of distillation are given hi United States gallons (42 gallons to the barrel) and 
f«fBrred to the short ton (3,000 pounds). Care should be taken in comparing figures with those given in 
reports on oil shale of Scotland, in which results are given hi Imperial gallons (35 gallons to the barrel) and 
r«fBrred to the long ton (3,310 pounds). 
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tons of ammonium sulphate, a compoimd especially valuable as a 
fertilizer. The industry requires a large equipment of retorts, con- 
densers, and oil refineries, as well as of mining machinery, so tJiat it 
can not be profitably handled on a smaU scale. 

In Scotland, according to EUs,^ the following valuable products are 
manufactured from the shale: (1) permanent gas, used principally 
for fuel in the retorts; (2) naphtha, gasoline, and motor spirit; (3) 
burning or lamp oil; (4) intermediate oil used for gas making; (5) 
lubricating oil; (6) soUd paraffin; (7) still grease; (8) still coke, which 
contains some oil and is used for gas fij*es, smokeless fuel, and carbon 
for electrical purposes ; (9) sidphate of ammonia [a fertilizer whidi in 
the United States is worth from $50 to $60 a ton]; and (10) liquid fuel, 
used in the refineries. The distillation of the oil shale of the Green 
River formation will probably yield different products, and the 
processes of distillation used in Scotland may not be well adapted to 
this shale. 

In the 11 field tests made by Woodruff ' in 1913, 1 sample of shale 
yielded as low as 10.4 gaUons of oil to the ton of shale; 8 between 
16 and 40 gallons, averaging 27.2 gaUons; one 46.2 gallons; and one 
61.2 gallons. Of the 57 samples tested in 1914 (Nos. 1-57, pp. 
152-153), 17 samples yielded less than 10 gaUons of oil to the ton 
of shale; 22 samples between 10 and 20 gallons; 11 samples between 
20 and 30 gallons; 3 samples between 30 and 40 gallons; 2 samples 
40.6 gallons each; 1 sample 65.3 gallons; and 1 sample 86.8 gallons. 
Seventy-five samples (Nos. 58-133) were tested in 1915. Of those 
obtained in Utah (34 samples, Nos. 58-91) 6 yielded less than 10 
gallons of oil to the ton of shale; 7 between 10 and 20 gallons; 7 
between 20 and 30 gallons; 9 between 30 and 40 gallons; and 5 
more than 40 gallons. The maximum yield, 90 gallons to the ton, 
was obtained from a thin bed near Watson, Utah. Samples 93-132, 
from Wyoming, yielded less than 30 gallons, except 4, which yielded 
more than 30 gallons. One of these represented a 2-foot bed, which 
yielded 50 gallons to the ton. 

.As these quantities compare favorably with those obtained from 
the oil shale of Scotland, it seems probable that in time the distilla- 
tion of oil from the Green River shale may become as important an 
industry in this coxmtry as the distillation of oil from Carboniferous 
shale has become in Scotland, or if richer raw material can be found 
here in abxmdance it may even exceed the present shale-oil industry 
abroad. 

Blla, R. W., op. oit.ypp. 64-«6. 
•WoodrufT, E. O., and Day, D. T., op. cit., p. 4. 
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FIEIiD WORK. 

Personnel and methods. — ^In order to estimate the value of the oil 
shale of the Green River formation as an economic resource, the 
writer, assisted by H. M. Robinson and Frank A. Elliott, in 1914, 
made a careful study of the entire exposed portion of the formation 
at a number of places along the north, east, and southeast sides of 
the Uinta Basin in Coloritdo Gocalities A to P, PI. XVIII). During 
the later part of the season Mr. Robinson made a hasty examination 
of the shale of the same formation at several places in northeastern 
Utah Qocalities 1-4, PL X). During the season of 1915 Walter B. 
Wikon, John N. Massey, and Yong K. Lee assisted the writer in 
examining the southern part of the area of the Green River formation 
in southwestern Wyoming and the south side of the Uinta Basin, 
near the eastern line of Utah. A large nimiber of samples of shale 
were distilled in the field and in the laboratory of the Bureau of 
Mines at Washington to determine the quantity of oil and other 
products which could be obtained from them. Much of the chemi- 
cal work was done xmder the direction of David T. Day, of the Bureau 
of Mines. C. A. Davis, also of the Bureau of Mines, was detailed to 
the Survey for several months to make a microscopic study of the 
organic matter in the shale. To Messrs. Day, Davis, and David 
White, who visited the field early in September, 1914, the writer is 
indebted for many helpful suggestions concerning methods of work 
and interpretation of results. 

The liinits of the Green River formation were mapped in the field 
and the exact place at which each sample of shale was obtained was 
determined by the use of telescopic aUdade, stadia rod, and plane 
table. Geologic sections were measured at several locaUties. The 
accompanying map of northwestern Colorado and eastern Utah (PI. 
XVIII) is compiled from field sheets prepared by the writer, from 
published and unpublished data collected by Gfde ^ in connection 
with an examination of coal fields in the adjacent areas, and from 
data shown on the township plats of the General Land Office. The 
land net was compiled <f rom these plats, but owing to discrepancies 
between surveys and resurveys it was necessary to make numerous 
more or less arbitrary adjustments and the land net shown on the 
map therefore comprises only township lines. The resurvoy of 
the area north of the base line in Colorado and along Douglas (>eek 
south of it was only recently completed, and the comers are well 
marked, but the comer posts of the much older surveys elsewhere 
are very poorly preserved or entirely gone. The land survey of that 
part of eastern Utah shown on Plate XVIII is good. In many places 
the geologic boundaries shown are taken directly from maps published 

1 Oato, H. 0.9 Coal flaMi of northwtttMii Ookmclo and nortlieattam Utah: U. S. Oaol. Survey Bull. 415^ 
1910. 



144 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PABT 11. 

by Mr. Gale, inasmuch as wherever tested these maps proved to be 
entirely satisfactory for the purposes of this work. The places from 
which samples 1-4 were collected are shown on the smaller map 
(PL X). 

The map of southwestern Wyoming (PI. XIX) is compiled from 
maps by Veatch ^ and Schidtz ' and xmpublished data by Schultz, 
together with the data collected by the writer during the field work 
and data shown on the township plats of the General Land OfiSce. 
A large part of the area has been recently resiurveyed, and the land 
lines are trustworthy, except in the extrraie eastern part, where the 
old survey is known to be very poor. 

Area examined. — ^The examination of 1914 was confined to a nar- 
row strip about the north, east, and southeast sides of the Uinta Basin 
in Colorado, except that during a short trip into central Utah Mr. 
Robinson sampled shale beds at the four localities shown on Plate X. 
A portion of the outcrop of the fonnation along the Colorado-Utah 
lino near White River was examined, but the greater part of the 
season was spent along the margin of the main basin to the east. 
The Green River formation occupies an area of about 1,000 square 
miles in Colorado and a larger area in northeastern Utah. The main 
area in Colorado is separated from the Utah part of the Uuita Basin 
by the Douglas Creek anticline, which extends in a general northerly 
direction along the vaUey of Douglas Creek near the State line. 
The limit of the oil-yielding shale in most places practically coin- 
cides with the boundary of the Green River formation, but north- 
west of Meeker only the lower part of the formation is present, and 
this is barren of oil. A similar condition prevails south of Grand 
River. 

The eastern edge of the Uinta Basin in Utah, near Watson, was 
examined in considerable detail during August and September, 1915. 
Most of the season, however, was spent in a reconnaissance examina- 
tion of southwestern Wyoming (PI. XK). The eastern margin of 
the Green River formation in Wyoming between the Union Pacific 
Railroad and the Colorado-Utah-Wyoming line was examined, and 
samples of shale from the localities indicated on the map were tested. 
A hurried trip was made across the Green River basin to Fossil, 
Wyo., and southward along the western part of the area known to 
contain the Green River formation. 

Northwestern Colorado and northeastern Utah. — ^The siurface of the 
part of the field represented by Plato XVIII consists mainly of deeply 
dissected uplands smroimded on all sides by more open valleys 
carved in the shale and soft sandstone of the Wasatch formation, 

1 Veetohy A. C, Geography and geology of a portion of southwestern Wyoming, with special rafefsnoe 
to coal and oil: U. S. Geol. Surv'ey Prof. Paper 66, pi. 3, 1907. 

*8cbu}tz, A.Ji., The southern part of the Rock Springs coal Aeld, Sweetwater Coanty, Wyo.: U. 8, 
(7eoI. Survey Bull. 381, pp. 214-281. 1908. 
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which lies beneath the oil-yielding Green River shale and above the 
coal-bearing Mesaverde formation. The Book Cliffs near Rifle, 
Colo. (PL XII, A)y stand about 9,000 feet above sea level. The 
Grand Hogback, which extends along the eastern margin of the field 
nearly parallel with the boundary of the Green River formation, 
reaches an altitude of about 9,500 feet and is formed by the steeply 
upturned resistant sandstones of the Mesaverde formation. The 
Green River formation, probably owing to the presence of oil-yielding 
shale, resists erosion to a marked degree and gives rise along the 
southern margin of the area to nearly perpendicular and at most 
places impassable cliffs, which in the vicinity of Rifle and De Beque 
rise to heights of 3,000 or 4,000 feet above the valley of Grand River, 
only a few miles distant. (See fig. 13.) West of the Grand Hogback 
and north of Rio Blanco post office the shale forms hiUs of consid- 
erable prominence, known as the PetroUte Hills. The outcrop of 
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FiouBB la.— SeoUon from Grand Rhrer near RulJson, Colo., to the Book Clifls on the north, showing the 

position of the oil diale. 

the oil shale along the east side of the Douglas Creek anticline is 
mailed by nearly perpendicular cliffs known as the Cathedral 
Bluffs, cuffs similar to these and equally impassable form the bound- 
ary of the formation along White River (PI. XII, B) and southward 
along the Colorado-Utah State Une to a point near Watson, Utah. 
(See PL XI, ^.) 

By far the larger part of this area drains northward to White 
Biver through Evacuation, Douglas, Yellow, and Piceance creeks, 
and to the Pacific Ocean through Green and Colorado rivers. That 
part of the area south of the Book Cliffs is drained by Grand River, 
which joins Colorado River in Central Utah. White and Grand 
riyero and Roan, Douglas, Yellow, and Piceance creeks are the 
only streams that carry water throughout the year. 

The vaUey of (}rand River is traversed by the mam line of the 
Denyer & Rio Grande Railroad. The narrow-gage line of the 
Uintah Railway between Mack, Colo., and Watson, Utah, crosses 
the Book Cliffs near the Colorado-Utah line and furnishes transpor- 
tation facilities for a considerable part of the Uinta Basin. The 
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ranchers and farmers in this area do a very large part of their ship- 
ping by way of Meeker, Rifle, and the Denver & Rio Grande Raiboad. 
The proposed extension of the Denver & Salt Lake Raih'oad ('' Moffat 
road") westward from Craig down Yampa River, to the north of 
the field, will furnish an additional outlet. 

The surface of the area is so rough that wagon travel is forced to 
follow certain long-used routes, such as the Grovemment road from 
Rifle to Meeker and the well-kept road between Meeker and Rangely 
down the valley of White River. Roads also lead from Rangely 
northwest and southwest to Vernal and Dragon, Utah, respectively, 
and there is a fair wagon road up Piceanoe Creek connecting with 
the Government road at Rio Blanco post office. Aside from these 
wagon roads there are few routes that can be used to advantage. 

The valleys of White and Grand rivers and of Piceanoo and Roan 
creeks are occupied by small but prosperous ranches which imder 
irrigation produce alfalfa, timothy, grain, and vegetables. Con- 
siderable fruit is raised in the valley of Grand River. The area 
outside of these vaUeys is used only for stock range. 

Rifle is the largest railroad town in the area and is a shipping 
point for nearly the entire region. It is the starting point of the 
mail stage and freight lines which supply Meeker and the settlements 
in that vicinity. Meeker, a thriving town of 800 inhabitants on White 
River in T. 1 N., R. 94 W., is the distributing point for a large area 
to the north, east, and west. Rangely, 60 miles down White River, 
consists of a store and post office and is connected with Meeker by 
stage that makes three trips a week. Supplies for Rangely and 
vicinity are freighted from Dragon, Utah, a station on the Uintah 
Railway, and Watson, at the end of the same railway 9 miles north 
of Dragon, is the shipping point for ore from the gilsonite mines of 
the Uinta Basin and for produce from Ashley Valley, 60 miles to 
the northwest. A toll road from Watson to Vernal is used by 
daily automobile mail and passenger stages that connect with the 
trains of the Uintah Railway. Rio Blanco, halfway between Rifle 
and Meeker, consists of a small store and post office. Pioeaace and 
Sulphur are merely post offices located at ranch houses. De Beque 
and Grand Valley are small but prosperous towns on the Denver & 
Rio Grande Railroad south of the Book Cliffs. 

Southwestern Wyoming. — That portion of southwestern Wyoming 
which is shown on the map (PL XIX) includes the southern part of 
the Green River basin and the western rim of the Southern Red 
Desert Basin. The surface is in most places rolling and covered 
with vegetation characteristic of arid regions. 

Trees grow only along streams and in a few small upland areas. 

The region is drained through Green River and its tributaries except 

in tho area adjacent to the west line of the State, where the run-off 
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finds its way to Great Salt Lake by the way of Bear River. Steep 
cliffs mark the eastern margin of the main basin, and Green River 
valley is bordered by precipitous walls for several miles near the town 
of Green River. (See PL XIII, A.) Altitudes range from 5,900 feet 
above sea level on Green River near Linwood to 8,750 feet in the 
southwestern part of the area shown on the map. 

Green River has its beginning far to the north, in the Wind River 
Mountains, but its principal tributaries in this area. Blacks Fork and 
Henrys Pork, rise in the Uinta Mountains of northern Utah. Aside 
from the three streams mentioned above, together with Hams Fork, 
a tributary of Blacks Fwk, and Bear River, there are in this area 
very few streams that carry water the year round. 

The main line of the Union Pacific Railroad crosses the area in a 
general westerly direction and is joined at Granger by the Oregon 
Short Line, which connects with points to the northwest. Rock 
Springs, Kenmierer, and Evanston, coal-mining towns, and Green 
River, a railroad division point, are the principal towns of the region. 
Several villages have been established in the irrigated district around 
old Fort Bridger and along Henrys Fork near the southern line of 
the State. Many of the towns on the railroad consist of only a few 
houses, a store, and a post office. The Lincoln Highway follows in 
general the line of the Union Pacific Railroad, and good automobile 
roads connect many of the smaller towns with the railroad and this 
highway. 

TESTS OF THE SHAIiE. 
AFPABATUS FOB FIELD DISTILLATION. 

A large number of samples of shale were collected (see PI. XIV) 
and tested in the field in order that a definite idea of its value as a 
source of oil might be obtained. Several lai^e samples were also 
shipped to the chemical laboratory of the Geological Survey so 
that different methods of treatment might be devised to increase 
if possible the yield of crude oil and other valuable products. In 
the early part of the work (1914) the apparatus designed and used 
by Woodruff and Day * during the previous season, described below, 
was used to make the tests. 

The retort into which the shale was chaiged consisted of a section of 12-inch iron 
caaing pipe 4 feet long, having flanges screwed on the ends and a removable iron plate 
with asbcBtos gaskets fitted to each end of the retort. On one side of the retort there waa 
fitted a small steam dome, a pressure gage, and a safety valve. From the top of the 
dome a pipe led to a block-tin condensing coil in a small water-filled tank. The coll 
dischaiged into Wolff bottles set in series and provided with stopcocks so that the liq- 
uids could be drawn off without interfering with the operation of the condenser. 
During the oji^ation the retort was suspended from iron supports in a narrow trench, 

i Woodmir, £. G., and Day, D. T., op. dt., p. 4. 



148 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PABT U. 

covered with irou plates aud earth, and a flue erected at the back. Heat was obtained 
from a wood fire placed under the retort. 

The operation consLsted of removing the head, charging the retort with ahale broken 
into pieces not larger than 4 inches in diameter, and replacing the head. Fire was 
started to give a gentle heat at first and was gradually increased until the lower part of 
the retort became red hot; then the fire was held constant until near the close of the 
process, when it was increased for a short time and then allowed to subside. Water 
vapor, gas, oil and gas, and finally only gas was the order in which the products were 
obtained. From seven to eight hours' heating was required for a charge. 

This apparatus necessitated the mining of a large quantity of 
shale (100 pounds or more) for each test. The apparatus, being 
large and not easily transported and eventually becoming unfit for 
use through leakage, was abandoned and ^replaced by a small still 
which required a sample weighing only about 1 pound and which was 
heated by gasoline torches. With two of these small distilling 
outfits four samples of shale were tested easily in one working day, 
whereas only one sample of shale a day could be tested with the 
larger apparatus. The distilling apparatus used in 1915 (see PI. XV), 
which is similar to that used during the later part of the 1914 season, 
but much more compact and Ughter, consists of the foUowing es- 
sential parts: 

Two gasoline blast lamps (Barthers). 

One iron mercury retort (one-half pint) with delivery tubes. 

One brass condenser. 

Two ring stands. 

One 3^inch ring. 

One laige condenser clamp. 

One receiver for condensed liquids (50 cubic centimeter glass graduate). 

One ammonia scrubber (8-ounce bottle filled with glass beads). 

Two pairs combination pliers. 

One postal balance. 

Six feet of rubber tubing. 

Glass tube for connecting condenser, receiver, and ammonia scrubber. 

One glass separatory funnel. 

Because of its simphcity and because its flame can be adjusted to 
any desired angle or length, the Barthel blast lamp was chosen to 
furnish heat for the still. This lamp consists of a small spherical 
gasohne tank with burner, mounted on an iron base in such a way 
that the burner may be turned at any angle. To manipulate the 
burner the tank is first filled nearly full of gasoline and the cap 
securely screwed down. Gasoline is placed in the small cupUke 
depression aroimd the burner and Ughted. When this gasoline is 
burned out, sufficient heat will have been produced to generate gas 
under pressure, which may be hghted at the end of the burner on 
opening the burner valve. If the flame is yellow or sputters the 
burner is not sufficiently hot and must be reheated. The gasohne 
tank of each burner holds sufficient fuel to keep the blast burning 
about 2 hours. Inasmuch as each distillation of shale requires from 
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3 to 4 houTBy two burners are used with each retort. The second 
torch may be most easily hghted by playing the flame of the first 
on the burner of the second. 

The vessel in which the shale is placed to be heated is an ordinary 
iron mercury retort (capacity, one-half pint), which is equipped witii 
close-fitting lid and damp and an iron dehvery tube. The deUvery 
tube is fastened to the inner tube of the condenser by a small brass 
plumber's union, which provides a very easily disconnected joint. 
The retort is held in place above the flame of the burner by a ring 
and ring stand. 

The condenser used in the outfit consists of an inner tube of thin 
brass three-eighths of an inch in diameter and 15 inches long, to one 
end of which is soldered a small brass plumber's union. This inner 
tube is surrounded by a second thin-walled brass tube 1^ inches in 
diameter, 11 inches long, which is provided with a two-hole rubber 
stopper at each end, one hole being for the inner tube. A small brass 
tube 2 inches long is inserted through the second hole of each stopper 
to provide connection for the entrance and waste of the water which 
is circulated between the inner and outer tubes to keep the inner 
tube cool. The deliveiy tube from the retort is so bent that when 
the retort is in an upright position the condenser will be turned at an 
angle of about 40^ bom the horizontal. The condenser is held in 
position by a single clamp, attached to a ring stand. 

The receiver for the condensable products pf the distillation 
consists of a 50 cubic centimeter glass graduate, provided with a 
two-hole rubber stopper through which are thrust two glass tubes 
one for the entrance of the liquids and permanent gases from the 
condenser and the other for the escape of the permanent gases to 
the ammonia scrubber. The glass tubes have a diameter of about 
a quarter of an inch and are bent at the proper angles to make 
connections with the condenser and scrubber. The tubes should 
barely penetrate the cork. 

The aiomonia scrubber consists of an ordinary glass cylinder or 
8-ounce wide-mouthed bottle, provided with a glass tube reaching 
nearty to the bottom of the bottle for the entrance of permanent gas 
from the receiver. The bottle is filled with glass beads, which pro- 
vide additional surface and a means of breaking up the gas into small 
bubbles as it passes up through a 10 per cent solution of sulphuric 
acid. 

The water for cooling the condenser may be had from waterworks, 
or if no running water is at hand a tank or tub may be stationed near 
the condenser, at a slightly higher level, and the water conveyed 
over the top by a siphon entering tlie condenser at the lower end 
and wasting at the upper end. 

The pliers are used for handling the retort. 
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The postal balance has a capacity of 4 pounds and is used to weigh 
the sample of shale. 

The glass separatory funnel is used to separate the oil from the 
water derived from the shale. 

In order to determine the quantity of oil and ammonia that may 
be derived from a sample of shale, the shale is first pulverized to pass 
through a screen of ^inch mesh. After thorough miying a sample 
weighing 8^ ounces is so selected as to represent the entire quantity. 
This sample is placed in the iron retort and the cover securely 
fastened. In order to prevent leaks the joint between the cover 
and retort bowl is plastered with a thick paste made of a mixture 
of powdered graphite and glycerine. The delivery tube from the 
retort is then coupled with tiie inner tube of the condenser. The 
ammonia scrubber is* filled approximately two-thirds full with a 
15 per cent solution of sulphuric acid, and cool water (not ice water) 
is started circulating . through the condenser. The blast lamp is 
then lighted and placed beneath the retort, with the flame turned 
as low as possible. After heating about 10 minutes water and oil 
will begm to condense and be delivered into the receiver. The 
permanent gas will pass into the ammonia scrubber and bubble up 
through the sulphuric acid, which will combine with any ammonia 
contained in it, producing soluble ammoniimi sulphate. Gentle 
heat should be applied to the retort as long as any oil is delivered 
to the receiver; then the flame of the burner may be lengthened until 
at the end of three or four hours the burner will be at full blast, 
the retort will be red hot, and the shale will cease to yield either 
oil or gas. The products of the distillation are then measured; 
the quantity of oil in the receiver is recorded, as well as the quantity 
of water in the same receiver. The liquid products of the distillation 
are then transferred to the separatory funnel and the water drawn off 
from the oil and added to the liquid contained in the ammonia 
scrubber. The material contained in the ammonia scrubber is 
then placed in a glass-stoppered bottle and transferred to a chemical 
laboratory for the determination of the quantity of ammonium 
sulphate. The yield of oil in United States gallons to the short ton 
of shale is equal to the number of cubic centimeters of oil in the 
receiver, provided the sample of shale used weighs 8^ oimces. The 
oil obtained from the distillation should be placed in a small bottle 
for determination of its specific gravity, which can best be done in 
the laboratory. In order to compute the number of poimds of 
ammonium sulphate which may bo derived from a short ton of shale 
it is necessary only to multiply the number of grains of ammonium 
sulphate found in the sample by 8.8. 
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BBSXILTS OF TESTS. 

8AZJSVT FSATVRSB. 

The results of the tests made in the field and in the laboratory 
at Washington are given below and show variation from a maximum 
yield of 90 gallons of oil to the ton of shale to a minimum of 0.31 
gallon. The yield of ammoniimi sulphate was not determined for 
samples tested dming the early part of the first season's work, but 
those which were tested show a range from 18.3 pounds by dry 
distillation or 34 poimds by steam distillation to 0.4 pound to the 
ton of shale. Likewise the yield of inflammable gas ranges in the 
samples for which the amount was recorded from 4,549 cubic feet 
to the ton of shale to less than 500 cubic feet. Many of the samples 
that were subjected to destructive distillation were selected not 
because they were supposed to be rich in olL but in order that the 
field men might be better able to judge from the appearance of the 
shale how much oil it would yield when subjected to distillation. 
Several samples were selected in order to determine the geologic 
range of oil-yielding shale. All samples were taken near the outcrop, 
and it is probable that some of the more volatile constituents of the 
oil had been lost by evaporation, hence the results of distillation 
tests do not show the maximimi amount of oil that may be obtained 
even by the method of distillation used. The stratigraphic position 
of nearly all the beds sampled is given in the sections (pp. 170-189) . 
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OIL. 

Most oils obtained from the distillation of shale are reddish brown, 
and at ordinary temperatures range from semisolid vaseline-like 
products to a thin liquid. 

Samples 7, 8, 10, 11, 12, 18, 19, 21, 23, 24, and 25 were distilled 
in the large field retort, and the resulting oils have a specific gravity 
ranging from 0.9109 (23.7*' Baum6) to 0.9371 (19.4° Baum6). The 
oils obtained from samples distilled in the small apparatus range in 
specific gravity from 0.8449 (35.7° Ba\mi6) to 0.9496 (17.4° Baum6), 
though by far the larger niunber of samples show a specific gravity 
of less than 0.90 (25.0° Baimi6). The difference in the oils obtained 
by using the large and small apparatus is probably due to conditions 
of heating rather than to differences in original material, but the 
oil from all samples distilled in a particular apparatus may be as- 
simied to have been obtained imder conditions approximately similar. 
About one-fourth of the distillations were made in the Washington 
laboratory of the Bxu*eau of Miaes, with an apparatus similar to the 
small outfit used in the field. In order to compare the tests made 
in the laboratory with those made in the field with the small appa- 
ratus, shale from two samples tested in the field was tested in the 
laboratory, and the results were found to check very closely. 

It was suggested at the begioning of the oil-shale investigations 
that distillation of shale with the injection of steam into the heated 
retort might result in a product of increased value, but before 1914 
no sample had been treated in such a way that a comparison of the 
value of dry and steam distillation could be made. The writer 
therefore during the first field season selected a sample of shale and, 
after careful mixing, divided the^sample into two equal parts (142 
pounds each). One part was distilled dry and the other part dis- 
tilled in the same apparatus on the foUowing day with the addition 
of steam to the heated mass. From the dry-distilled sample (No. 
19) oil was obtained at the rate of 6.27 gallons to the ton of shale; 
the steam-distilled sample (No. 18) yielded 22.88 gallons of oil to the 
ion. It is not likely Uiat the larger yield of oil obtained from the 
second sample could be entirely due to the effect of the steam, and 
it is probable that to other factors, such as leakage, may in part be 
due the difference in quantity of oil obtained under the two methods 
of distillation. That the oil produced by steam distillation is not 
radically different from that produced by dry distillation is shown 
by the similar proportion of products which the oils yield on frac- 
tionation. (See table, p. 156.) It is imfortunate that in this test, 
the only one made on a large sample, there was no equipment 
available to ascertain the effect of steam distillation on the yield of 
ammonium sulphate. Later, six samples of oil shale were distilled 
with steam at the Washington laboratory of the Bureau of Mines. 
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For these samples the quantity of oil derived by steam distillation 
exceeded that by dry distillation only slightly or in some samples 
not at all. At the same time the oil produced by steam distillation 
has a uniformly heavier gravity. The detailed results of these tests 
are given on page 160. 

Oils from nine samples treated in the field and in the laboratory 
were redistilled with the foUowing results: 

Results offraUionaHon of shale oil. 



Sample No 


4 


6' 


10 


18 


19 


27 


82 


61 


67 






BeeinstoboilafC. 


80 


62 


60 


70 


72 


66 


80 


70 


64 






Distillation (cable oentiiiie 
ters): 
TolOO'C.v. 


6 
2 
2 


10 
.6 
1.6 


2 

8.6 
6.6 


2.6 

1 

2.6 


2 
1 

8 


4 

1.6 

1.6 


2.6 
8.6 
4.6 


7 
1 
1 


4 


100 to 125*0 


2 


125 to ISO* C 


8 






Total fiiimlllM 


10 


12 


12 


6 


11 


7 


10.6 


9 


9 






160 to 176* C— 


2 

2 

6 

7.6 

6 

6 


2 
4 
4 

6 

6 

10 


8 
6 

7.6 
7 

7.6 
13 


6 


6.6 

6 

6 

6 

7 

7 


8 
3 

4 

6 

7 

17 


6 

6 

6 

8 

8.6 

9 


S 

4 
4 
6 

6.6 
18 


6 


175 to 200* C 


4.5 


200 to 225*0 


6 


225 to 250* C 


6 


250 to 275*0 


7 


275 to 300*0 


12 






Total keroBene 


28.5 


82 


49 


86 


86.6 


89 


42.6 


86.6 


88.6 






Total distillate 


88.5 
61.5 


44 

66 


61 
39 


41 
60 


46.6 
63.6 


46 
64 


68 

47 


44.6 
61.6 


47.5 


Total residunm 


62.5 


Amount of oil wwd 


100 


100 


100 


100 


100 


100 


100 


96 


100 






Specific navity at 60* F.: 
Crade 


0.8937 
.7947 
.8602 
.0095 


0.8850 
.7760 
.8466 
.9643 


0.9138 
.8090 
.8260 
.9884 


0.9290 
.7974 
.8742 
.9894 


0.9327 
.8202 
.8876 

1.0160 


.(JUv46 
.7849 
.8722 
.9684 


a88S8 
.7668 
.8694 
.9368 


0.9126 
.7838 
.8688 
.9806 


a9126 


Oasolln* ....,,, 


.7tn6 


Kerosene 


.8538 


Residunm 


.9628 






Asphalt.per cent by weight. . 

Paiaffln do 

Sulphur do... 

Nitrogen do... 

Unn^irated hydrocarbons: 
Crade neroent.. 


1.35 

7.70 

.54 

1.848 


.82 
6.93 
1.06 

.887 


2.82 
2.22 


4.10 
8.72 


8.62 
1.63 


2.49 
4.66 
.78 
1.267 

"A 


.47 
4.70 
1.42 
1.849 

72 
67 


1.40 
9.21 
.41 
1.820 


1.08 

4.00 

.69 


2.108 

82 
64 


1.640 

86 
71 


1.648 

81.6 
71 


2.186 


Kerosene.^ do 


65 


66 


68 


68 



A study of the table reveals a fairly uniform quantity of products 
from the different samples, the gasoline ranging from 6 to 12 per cent, 
the kerosene from 28.5 to 49 per cent, the paraflSn from 1.63 to 7.70 
per cent, and the sulphur from 0.41 to 1.42 per cent. The samples 
for fractionation were chosen to illustrate both range in physical 
character of the shale and wide geographic distribution. Sample 4 
was from massive shale obtained near Soldier Summit, Utah (for 
location see PI. X); sample 6, from brown shale near Elko, Nov.; 
sample 10, from massive shale in sec. 9, T. 1 N., R. 103 W,, Colo. 
(see PL XVni); samples 18 and 19, from massive shale in sec IS, 
T. 2 N., R. 98 W., Colo. (No. 18, steam distilled; No. 19, same 
sample, dry distilled); sample 27, from papery shale in sec. 11, T. 1 
N., R. 97 W., Colo. ; sample 32, from massive shale in sec. 1 1, T. 1 N., 
JR. 97 W., Colo.; sample 51, from massive shale in sec. 6, T. 6 S., B. 
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94 W., Colo.; sample 57, from massive black shale in sec. 1, T. 7 S.. 
R. 98 W., Colo. 

The samples, except No. 27, were obtained within a few inches of 
the outcrop and probably were slightly weathered, although physical 
evidence of weathering in the type of shale sampled extends only a 
very short distance back from the outcrop. As the papery shale 
weathers to considerable distance back from the outcrop a drift 18 
feet long was driven for the purpose of obtaining a sample (No. 27), 
but the zone of weathering had not been passed at the point of 
sampUng. 

In order to determine the behavior of shale oil when subjected to 
the Rittman process ^ of refinement, two samples were tested at the 
Pittsburgh laboratory of the Bureau of Mines. The only samples of 
shale oil available for these tests were two obtained by Woodruff ' 
in 1913 from field distillations of shale described below. The samples 
had remained sealed since the date of original distillation and were 
therefore probably not greatly altered. Each sample was fractionated 
in the ordinary way with the following results: 

FractionaHon of ihale oil by ordinary method. 



Distinatloii- 


Sample A: 
gravity, ( 
fng point 


Specific 
9.882; boil- 
,32«C. 


Sample B: Specifle 
gravity, 0.025; boil- 
tag point, 25" C. 




Peroentage 
by weight. 


Speciflc 
gravity. 


Percentage 
by weight. 


Specific 
gravity. 


Td75*C 


8.4 
2.4 
4.8 
5.6 
6.4 
6.6 
6.8 
7.2 
0.4 
8.7 
38.5 


0.601 
.738 
.754 
.775 
.705 
.821 

•86A 

.802 

.001 

SoUd. 


2.5 
1.6 
8.6 
5.5 
5.8 
6.7 
6.1 
6.4 
7.2 
0.0 
43.0 


O.70O 


75* to 100* C 




100* to 135* 


.772 


l»* to IW* C 


.702 


150* to 175* C 


.814 


175* to 200* C 


.842 


SO* to 225* C 


.862 


225*to2l»*C 




250* to 275* ^ 


.013 


275* to 800* C 


.020 


Roidimin 


SoUd. 







The residuum over 175® C. of each sample (A and B) was then 
divided into two parts (A and A^ B and BO and run in a Rittman 
furnace with 150 poimds pressure, different temperature being used 
for each part, as indicated below. 

A. SnbiiirfMe sample from north side of White River, 5 miles east of White River stage station, T. B., 
R. 25 E., Utah. Bed, 3 feet 6 inches thick. Yield, 33 .3 gallons of oil to the short ton of shale. 

B. Sample obtained 4 mike north of NinemHo Creek, approximately In sec. 12, T. 11 8., R. 16 E., Utah. 
Bed, 6 Incbea thick. Yield, 30 gaUons of ofl to the short ton of shale. 

1 Rtttman, W. F., Dntton, C. B., and Dean, E. W., Manufacture of gasoline and benzene>toluene from 
petzotoom and other hydrocarbons: Bur. Mines Bull. 114, 1016. 
t Woodrull, B. Q^ and Pay, D. T., op. cit. pp. A, 10, 20. 
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RUtman furnace tuU on remdwwn obtained from dietiUatioiu ofMU oil at temperature 

over 175^ C, Presewre 150 pounde (gage reading). 



Sample A. 



Sample A'. 



Samples. 



Samples'. 



Temperature used (*C.) 

Bpectflo gravity of residuum 

Bpeciflo gravity of recovered oil 
Percentage recovery 



625 

a020 

.901 

79 



6S0 

a990 

.902 

79 



525 

a957 

.929 

82 



600 
a957 



70 



The oil recovered from the treatment in the Rittman f umaoe was 
then distilled with the following results: 

Distillation of oil recovered from Rittman teste of shale oU. 





Sample A. 


Sample A'. 


• 
Samples. 


Samples'. 


Bpeciflo gravity of recovered oil 


• a901 


a902 

4.2 
a6.2 

ad 
ia7 

13.8 
20.0 


a929 


a960 


DistUlatlOD (per ceat by weight)— 

To 75* 


3.8 


To 100* 


2.2 

1.1 
1.4 
2.7 
7.0 


2.8 
1.1 
1.6 
3.0 
6.3 


al.8 


too* to 126* » 


2.5 


125" to 160* 


2.7 


Ifi0'tol75« 


4.2 


176* to 200* 


6l9 







a Distillation, 75* to 100* C. 

An examination of the above tables shows that by ordinary 
methods of fractionation Samples A and B will yield 22.6 and 19.0 
per cent, respectively, of distillate up to 175® C. Treatment of the 
residuum above 175® C. in the Rittman furnace with 150 poimds 
pressure and temperatures of 525® to 600® C. produces an oil which 
will yield additional fractions below 175® C. according to the tem- 
perature used in the furnace. Tests of two samples of shale oil do 
not furnish adequate data for generalizations but merely indicate 
that imder proper treatment shale oil may be made to yield a much 
larger percentage of gasoline than that shown in the tables on pages 
156 and 157. 

AMMONnnC SULPHATE. 

Inasmuch as one of the valuable products derived from the distilla- 
tion of shale in Scotland is ammonium sulphate, it is interesting to 
compare the amoimt of nitrogen in the shale with the amount that is 
accoimted for in the products of distillation. The following table is 
based on the assumption that all the nitrogen in the shale can be con- 
verted to ammonium sulphate: 
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TbMrBlICBl 



ralphBto 

(per ton ot 

mule). 



MltnveD 

iDoS. 



Equivalent 

Sllll*8tB ' 



*Nl(ni)Mi nnaccoimtod lor Is 



:b ETMtar in thwe umplcs bsouiM U 



It will be noticed that in no test has the entire amount of nitrogen 
present in the shale been accounted for in the products of t^tilla- 
tion, and except for one sample (No. 6) there is a larger amount of 
nitn^n unaccounted for than the amount which was extracted from 
the fixed gas in the form of ammonium sulphate. In the samples 
tested the amount of ammonitmi sulphate extracted from the perma- 
nent gas averages 11.1 per cent of the theoretical total amount of 
ammonium sulphate available from the shale, and an average of 41 
per cent of the theoretical total available ammonium sulphate is 
accounted for by the nitrogen in the shale oil itself. Therefore the 
theoretically available ammonium sulphate unaccounted for averages 
more than twice as much as is extracted from the gas produced in 
the distillation of the shale. In the shale works of Scotland distilla- 
tion is carried on with the injection of steam, which results, accord- 
ing to Steuart,^ in practically doubhng the amount of ammonium 
sulphate that is extracted from the permanent gas by the dry method. 
The table given above indicates that there is ample nitrogen in the 
shale to allow the extraction of double the amount of ammonium 
sulphate obtained in the dry distillation, provided the right process 
is used. 

> Bt«q«rt, D. B., Tlwollgbalaol the Lothluia, Id ed., p. 144, Sootluid Oaol. Burv*r lUm., IVia. 
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During May, 1916, six samples of oil shale were tested at the Bureau 
of Mines, with an apparatus similar to that used in the field, but so 
arranged that superheated steam was injected into the retort during 
the entire process of distillation. The samples were selected to repre- 
sent a wide geographical distribution, as well as differences in rich- 
ness and physical character, and the results of the tests are extremelj 
interesting. Each of the samples had been tested previously in tl 
field apparatus without steam, and the results therefore fumishc 
factors that may be used to convert the results of field tests in 
what are very probably dose approximations to results to be expect 
from commercial practice. 

• 

Comparison of steam and dry distillation. 



Sample 
No. 



4... 
37.. 

as.. 

51.. 
W.. 
182. 



ou. 



With steam. 



Yield 
(gallons 
per ton). 



23.0 
10.0 
44.0 
80.0 
6fi.O 
M.0 



Speetflo graylty. 



a9846 
.0136 
.9630 
.9234 
.9286 
.9100 



[19. rs. 

23.2* B. 
15. 8* B. 
21.6'B. 

20. rs. 
23. rB. 



Withoat steam. 



Yield 
(gallons 
per ton). 



16.8 
8.4 
40.6 
28.0 
55.0 
50.0 



Specific gravity. 



0.8937 
.8046 
.8838 

.9126 
.9052 

• o44V 



:26.6*B.) 
26.5»B. 
28.4'B.i 
23. 4* B. 
24.6'B. 

35. rB.] 



Ammonium solpbata. 



Tfaeoreticalh^^^ >>^«t«in^ 
yield, 

Suivalent 
nlliucMi 
in shale 
(pounds per 
ton). 



86.6 
48.2 
50.8 
48.2 
75.4 
80.1 



With 

steam 

(pounds 

per ton). 



18.4 
29.0 
SCO 
15.8 
28.1 
&4 



Wtthor 



(POUDC 

perton^ 



8., 
lai 

at 

7.S 

«.« 

4.5 



The average amount of ammonium sulphate produced from the 
shale by steam distillation was about two and one-half times the 
amount obtained from the same samples by dry distillation, thus pro- 
viding a factor for the conversion of the figure for ammonium sul- 
phate by dry distillation to ammonium sulphate which may be 
obtained with steam distillation (the method practiced in the oil- 
shale industry of Scotland and France). 

In the six samples tested an average of 37.8 per cent of the nitrogen 
in the shale was a(^counted for in the ammonium sulphate obtained 
by steam distillation, compared with an average of 15.7 per cent 
recovered by dry distillation. During the two seasons the yield of 
ammonium sulphate was determined for 57 of the samples that 
yielded more than 15 gallons of oil to the ton of shale. In these 
samples an average of 6.7 pounds of ammonium sulphate to the ton 
was obtained. This multiplied by 2.5, the factor mentioned above, 
gives an average of 16.7 pounds of ammonium sulphate to the ton, 
which seems to be a fair estimate of the quantity that may be pro- 
duced in commercial practice from shale of the area examined in 
1914 and 1915. 
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GBEKIOAZi ANALYBBS OF OIL BHALX. 

Shale samples 4, 0, 27,. 32, 51, fmd 57 were analyzed by methods 
used in making ultimate analyses of coal, with the following results: 



pbd«>( tiM W^di^tai hbontcrr of Uw BaMuat UIiHK J. D. Davli, dumbt In diMS*.] 



Heat- 

X 

[Brltlsti 



(i 



■AiMbib A 
worg^fttlwtl 



tiMtfMtel MndRlcm o[ tha shale ntlcr all ^ : 

mmU-Utah. 

ndHlMH tfhMtlu In tb« 
. and onrlDC to diflar 



a iTDin ths groand. Anolysta 



dMtton, and onrlDC to dWarai 
>nnlt,flw T^Di ll tba fl»d < 

4XIkO,tl«T. 



lUty o( IniTEmiJa rnldtw 1) nc 



In addition to the ultimate analyses shown above, the percentages 
f>f nitrogen and sulphur in 14 samples of shale tested for oil in 1915 
were determined, with the following results: 

Pvtial analgia qftampiu ofthalefTom Utah and Wyoming. 
pbdaatUuWiriilnBttalalNntcrTatUwSunwiaeUliiei: }. D. I>aTlg, abemlM In oluis*.) 



Su.pl.Na. 


LontloD. 


Kltn^. 


Sulphur. 


Bk. 


T. 


R. 


BUIe. 




1 

30 
90 
30 

36 

13 

C") 


jjl;;;: 

ii. 


i ;:: 

M ... 

as ... 

S ::: 

35 ... 

BOW.. 
108 W.. 
107 W.. 


Utah 

El;;;;;; 

da 

wVm.'tai;.:: 


Prrtail. 
0.53 
.35 
.73 
.80 

'.sa 


^""3!m 
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The Green River formation, of early Tertiary (Eocene) age, con- 
sists predominantly of shale. It exhibits on the weathered outcrop 
a more or less white color^ but closer examination reveals an alterna- 
tion of gray, bluish gray, and white bands. (See Pis. XI and X I JI.) 
The shale that yields the most oil when subjected to distillation is 
that which weathers into massive benches of grajrish-blue color but 
which is dark brown to black on a freshly broken surface. After 
this tough rich shale, which appears to be without bedding planes or 
laminations, is heated and the oil driven off it crumbles easily and 
exhibits true shale structure. Where thin benches of rich shaJe are 
interbedded with lean or barren shale, the former, being resistant, 
weathers to projecting ledges. (See PI. XTV, A.) Some of the very 
rich beds show a vitreous luster similar to that of coal. The massive 
shale (PI. XVI, A) is exceedingly tough, resists erosion to a remark- 
able degree, and as it weathers to a bluish-white surface and will bum 
when ignited the ranchers of some parts of the region refer to it as 
'* white rock that will bum." When freshly broken, the shale gives 
off an odor of petroleum. All gradations exist between this hard, 
tough, massive rock and the papery shale (PI. XVI, 5), which 
weathers to curly forms. The papery shale is in a few places black, 
but usually light brown, and the thin plates of weathered shale are 
remarkably flexible, a characteristic which distinguishes it from ordi- 
nary carbonaceous shale. Weathering affects the papery shale to a 
distance of more than 20 feet back from the outcrop, but, except 
along joint planes, the hard, massive shale shows httle evidence of 
weathering for more than a quarter of an inch from the exposed 
surface. Oil has been distilled from the papery shale as well as from 
the hard, massive variety, although in smaller quantify. 

The hard, rich shale that crops out as projecting ledges and weathers 
to a gray or grayish-blue color is dark brown to black on the un- 
weathered surface, and in all probabihty weathering does not affect 
the oil-yielding capacity of the shale to any considerable depths. Most 
of the samples for distillation were taken after chipping away the part 
of the bed that had been changed from dark to light color, and for 
most of the samples this required the removal of only an inch or two 
of weathered shale. In order to determine the difference between the 
shale just back of this obviously weathered zone and that a foot 
or so deeper samples 65 and 66 were taken from a single bed near 
Watson, Utah. Plate XIV, B, shows the relative position of the 
materials for the two samples, as well as the manner in which the 
fresh shale breaks when mined. Sample 66 was obtained after 
^Jasting away an average of about 18 inches of outcrop shale; sample 
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65 was taken within an inch or two of the weather-exposed face. 
The yield of oil for sample 65 was at the rate of 32 gallons to the 
short ton, but sample 66 gave nearly twice as much, or 55 gallons 
of oil to the ton. 

Inasmuch as the samples of shale for the tests listed on pages 
152-154 were obtained near the outcrop^ like sample 65^ it is safe to 
assume that the results given in this paper do not represent the maxi- 
mum yield that may be obtained from the same shale when it is mined. 

Although oil may be obtained from the shale by destructive 
^ distillation, it does not appear that more than a small percentage ex- 
ists in the shale as oil; at least oil has not been foimd in commercial 
quantity in two wells that have been drilled into the shale in north- 
western Colorado. The *'gas well" in sec. 22, T. 1 N., R. 97 W., is 
about 400 feet deep, and develops a strong flow of artesian water, 
together with considerable gas, but no oil. This well does not reach 
the richest shale beds. Another well, drilled to a depth of 1,345 
feet in sec. 80, T. 2 S., R. 94 W., apparently passes through the Green 
River formation and penetrates the underlying Wasatch formation^ 
but develops only a show of oil, and that apparently near the con- 
tact between the two formations. A spring in sec. 14, T. 1 N., R. 
97 W., east of Piceance Creek, issues from between two rich beds of 
shale. The water is of excellent quality and does not show any ev> 
dence of oil or gas. 

The following description of the microscopic structure of the shale 
was furnished by Charles A. Davis, who at the time of his death was 
engaged in making a careful study of the rocks with special attention 
to their fossil content: 

The shale as seen under the microBCope varies as greatly in appearance and structure 
as it does when examined with the unaided eye, according to the locality and bed 
from which the material examined originally came. The darker specimens yield 
sections showing characteristic opacity, density, and compactness of structure and 
fineness of grain. The lighter-colored samples show less opacity and appear more 
granular, even when casually examined. Specimens from the same sample also 
present quite different appearances, according to the direction in which the section 
is cut. 

Under low powers of the compound microscope sections cut transverse to the bedding 
planes show a more or less distinct lamination or banded structure, the dark-brown 
to light-yellow bands alternating irregularly with colorless or light-grayish onea. 
Usui^y the dark bands of the section are longer and more continuous than the light 
bands. 

Under higher magnifications these bands resolve themselveB into a series of more 
or len discontinuous thin laminae, of which the brown and yellow or dark ones are 
certainly longer and more continuous than the gray or colorless ones. Careful in- 
spection shows that the dark laminse are usuaUy not easily resolvable into granules, 
while the Ugiit ones are obviously made up chiefly of particles of crystals of mineral 
matter; miich of the mineral matter is very finely divided, although some sand is 
present. Moreover, most of the lamince containing mineral matter are lens-shaped, and 
in the samples in which they were carefully examined many ol thfisa ^^ka V^svaAXc^ 
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be from two to eight or ten times as long as they are thick, and the darker laminae 
in the same sections are characteristically many times longer than they are thick. 
In addition to these general characteristics shown in the cross sections the samples 
exhibit the following features: 

1. Well-marked openings, in places of polygonal or even square outUne, but more 
commonly of irregular lens shape or the shape of a flatten^^d sphere. The laiger of 
such openings occur usually in the lenses of mineral matter that is in the form of coarse 
particles. Some of these openings still contain bits of crystallina minerals, and others 
contain fine silty residues. It is thus evident that the openings themselves may have 
been formed by the breaking up of the original filling, which conesponds to that of 
the shorter, lens-shaped laminae, during the cutting of the section. 

2. Irregularly dislaibuted black opaque bodies, which glisten by reflected lig^t. 
These fill lenslike openings that seem identical with those just described, as well as 
other openings, including the irregularly polygonal matrices of minerals. The 
material forming the opaque bodies only partly fills some of the openings in which it 
occurs. Such partly filled spaces show by their irregular filling and by the relation 
of the opaque matter to included minerals that they have been filled by local intrusion 
from the surrounding walls, as the material has not yet been observed running from 
one cavity to another, and unfilled cavities are nimierous near and between those that 
are filled. 

3. Very dark brown or black Unes, which seem to rejuesent the edges of iregetable 
structures such as fibers, filaments, or films that are of different composition or are 
more fully carbonized than the general mass of material with which they were laid 
down. These dark Unes are in places interlaminated with light^iolored oiganic matter 
and clearly can not be considered as intrusions into the laminated material after it 
was laid down, as the whole series of laminae is in places very finely wrinkled and each 
individual layer is of extreme thinness, many being less than a micron thick. As 
these very thin light-colored laminae are entirely confonnable with the thinnest dark 
ones, they must have been laid down with them. The thicker dark laminie, being 
more opaque than the light ones, can not be so readily resolved for measurement, 
but where they have been carefully studied they show minute secondary lamination 
as well as the inclusion of thin lines of inorganic sediment, a structure which clearly 
proves their sedimentary origin and entirely imdisturbed condition. 

The wide range of variation in the characteristics of the structure, bedding, and 
grain of the different samples of shale examined makes it impossible to discuss all the 
variations which have been found, but the points brought out are the most striking 
ones noted in examining the cross sections. 

A study of sections made parallel with the bedding planes of the oQ-yielding shale 
shows also a large number of variations, even in the same fragment. The dark sam- 
ples in general give the most interesting sections, the lighter-colored ones showing 
chiefly finely divided amorphous particles of mineral matter, mixed with crystalline 
particles, which are possibly of secondary origin, and with scattered fragments which 
from their color and structure are easily recognizable as of organic origin — ^that is, 
derived from the remains of plants or animals. 

The examination of a lar^e number of horizontal sections shows that the la^minfa 
are not generally flat or perfectly horizontal, but rather occur in undulating bands, 
apparently formed while the material was still in the process of deposition. Some 
horizontal sections of darker samples show only slightly granular or nearly homo- 
geneous texture, with no inclusions. Other sections show a large number of minute 
plants and plant remains that are surprisingly well j)reser\'ed. In general, these plant 
remains are embedded in the same sort of material of which the seemin^y sAnicture- 
less sections are composed. Some of this stnictiu^less material can be resolved by 
careful manipulation to show a granular structure, and under such conditions the 
abadowy outlinee of pl&nt remains (^n be seen in some sections. 



OIL SHALE IN NORTHWESTERN COLORADO. 165 

The infflrence is clear that the stnicturelesB material probably originated in a col- 
lection of plant debris which has by decomposition and the activitieB of bacteria and 
other microscopic organisms passed into a jelly-like phase such as is to be found in 
certain kinds of modem peat deposits. The plant remains that have been found in 
the shale from every locality which has furnished samples are those of microscopic 
algsd mixed in smaller percentage with pollen and similar parts of higher plants. 
Animal remains are rare in the material studied, and those noted were chiefly the 
ranains of insects in a very fragmental state. 

It seems apparent, therefore, that the study of the microscopic structure of this 
shale as seen in vertical and horizontal sections leads to the conclusion that the material 
was laid down originally in water and that it passed through a series of stages of de- 
composition before consolidation and lithiflcation had taken place. The remarkably 
well preserved state of the delicate plant structures which have been examined 
indicates very slight disturbances of the original material and an almost entire lack 
of changes produced by the action of the usual metamorphosing agencies since 
lithification. 

STBATIGBAPHY. 

The oil-yielding shale is confined almost entirely to the middle 
part of the Green River formation, and dm-ing the present examina- 
tion little attention was paid to rocks of other formations. In north- 
western Colorado the Green River formation is the youngest present, 
but north of White River and only a few miles west of the Colorado- 
Utah Une the Bridger formation rests imconformably on the Green 
River as well as older formations, and along the northern edge of 
the Uinta Basin in Utah the Bridger obscures the entire outcrop of 
the oil shale. The Bridger formation also occupies the central part 
of the Green River basin in southwestern Wyoming and west of 
Burnt Fork and south of Carter overlaps the Wasatch formation, 
covering the outcrop of the Green River. 

The Green River formation is underlain by the Wasatch and this 
in turn by the Mesaverde, which in Colorado and Utah is coal bearing. 
Tlie Wasatch in Wyoming contains valuable beds of coal, which may 
be needed for fuel when the shale-oil industry is developed. 

The Green River formation has a maximum thickness near the 
mouth of Piceance Creek of about 2,600 feet and may be separated 
there on the basis of the presence or absence of oil-yielding shale 
into three fairly distinct parts. The upper and lower parts of the 
formation are practically barren, but the middle part of the forma- 
tion contains, at every locality examined, beds of shale that will 
yield considerable oil. A single test was made of shale from the 
upper division of the formation, which yielded 0.31 gallon of oil to 
the ton of shale (sample 42, p. 153). The section measured near the 
mouth of Piceance Creek (H, pp. 177-178) shows the oil-yielding part 
of the formation to be 1,550 feet thick, whereas the lower barren part 
is only 342 feet thick and the upper barren part 716 feet thick. 
According to measurements made near Morris station (O, p. 182) on 
the Book Cliffs, the upper 595 feet of the section there exposed is 
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oil yielding, but the underlying part, 1,487 feet thick, inoludes no 
beds that will yield any appreciable quantity of oil. The great 
thickness of lower barren beds near Morris corresponds very closely 
with the thickness of the lower part of the formation as described 
by Woodruff ^ in a section measured along the Mount Logan trail 
in sec. 26, T. 7 S., R. 97 W., only a few miles to the west and on 
the same general cliff. In general the lower member of the Green 
River formation is extremely variable both in thickness and char- 
acter. Along Evacuation Creek, near Dragon, Utah (sec. Q, pp. 
183-184), this member includes about 600 feet of coarse sandstone, 
oolite^ and shale with no persistent bed and some very remarkable 
lenticular beds. Only a few miles away, in Hells Hole Canyon, north- 
west of Watson (sec. T, pp. 185-186), the lower part of the Green 
River formation includes largely shale with comparatively thin sand- 
stone beds and only a little oolite. 

In contrast to lliis extreme irregularity in the lower part of the 
formation the thin beds of the oil-yielding portion are remarkably 
persistent. Sections Q, S, and T, representing the strata exposed at 
three places in eastern Utah, separated from one another by 5 and 7 
miles (see PI. XVIII), show three thin beds of sandstone which are 
remarkably regular in thickness, and at the same time the interval 
between them varies only slightly from place to place. 

The line between the Wasatch and Green River formations is very 
difficult to follow because of lack of exposures and very hard to 
identify accurately from place to place. There seems to be a gen- 
eral gradation from the upper part of the Wasatch formation into 
the lower part of the Green River, and it is possible that the correla- 
tions shown on Plate XVII are not absolutely correct. 

The Green River formation consists principally of shale but con- 
tains, especially in its lower part, bdds of sandstone, many of which 
are ripple marked. Most sections show one or more beds of oolite 
and some conglomerate or conglomeratic sandstone. Near the old 
Black Dragon mine, Utah, however, the lower part of the formation, 
according to measurements made by Woodruff,^ contains oolite and 
sandstone equal to more than half of the exposed thickness of beds 
(529 feet). There is at the base of the upper part of the formation 
on Yellow and Piceance creeks a bed of massive brown sandstone 
which may be equivalent to the Tower sandstone of Powell* in 
southwestern Wyoming. As is shown by the sections given below, 
there are in nearly every section many beds of shale that will yield 
at least 15 gallons of crude oil to the ton, but the correlation of beds 
from one measured section to another, although the sections may be 

1 Woodruff, E. C, and Day, D. T., op. olt., p. 14. 
s Idem, pp. 16, 17. 

* Powell, J. W., Geology of the eastern portion of the Uinta Mountains, pp. 40-45, U. B. Q^oiL and Geog. 
Barvey Ten., 2d div., 1876. 
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only a few miles apart, is very uncertain. A careful study of the 
strata exposed in a continuous cliff face a mile or more in extent 
shows that although the formation appears to be remarkably regu- 
lar in thickness, individual beds vary greatly from place to place 
and that a single massive bed 5 feet thick at one place may change 
to comparatively thin-bedded shale within less than half a mile. 
Study of any single bed at several places along its outcrop to deter- 
mine its variability in thickness, bedding, mode of weathering, and 
value as a source of oil was made impossible by lack of exposures 
except near the mouth of Piceance Creek in Colorado and along the 
west side of Green River in southwestern Wyoming. In the Colo- 
rado locality a zone of oil-producing shale was examined, carefully 
measured, and sampled at three locaUties within a distance of approxi- 
mately 1,100 feet along its outcrop with the following results: 

SmtionB of oUrAaJe zone along the wett tide of Piceance Creek, Colo., in sec. 11, T, 1 N., 

R.97 W. 



Locatkm UA 



Ft. in. 

Shale, hard, black 1 2 

8hal9, light brown 3 

Shale, dark b^own^:>.. 2 

Shale, light brown 1 

Shale, hard, black 7 

Shale, light brown. ^ i 

Shale, hard, black, in beds 2 

inches thick 6 

Shale, brown 2i 

Shale, hard, dark 2 



Ft. 



Shale, brown, lean ' 

Shale, hard, dark 

Shale, brown 

Shale, hard, dark 

Shale, lean 

Shale 

Shale, hard, black 1 



in. 

2 

3 

i 
1 

^ 
1 

2 



5 4 



Locatloii 35, 100 feet N. 7* E. of loatfioii S4. 



Ft. In. 

Shale, daric brown 2 

Shale, hard, dark brown 2 

Shale, hard, black 1} 

ffliale, sandy, lean 1 4 

Shale, brown, rich 5 

Shale, hard, brown 3 

Shale, brown, rich 11 



Ft. 



Shale, hard, brown. 

Shale, rich 

Shale, hard, biown. 
Shale, brown, lean. 



in. 

2 

3 

li 
3 



4 2 



LocatioB 36, abont 1,000 feet N. 10* E. of localien 35. 



Shale, hard, dark 

.Shale, brown, thin bedded 

Shale, hard, dark 

Shale, lean 

Shale, hard, black 

Shale, brown 

Shale, hard, black 

Shale, brown 



Ft. In. 
1 
1 

i 

^ 
i 

4 

li 



Shale, hard, black. 

Shale, brown 

Shale, hard, black. 

Shale 

Shale, hard, black. 
Shale, brown, lean. 



Ft. In. 
Si 

i 

4i 
1 
3 
4 

3 31 



^ Loeatkn nmnbcra oorrespood to those used on the maps. Stratlgraphlo sections are arranged so that 
the yaoDgmt heds are deserlhed first and successively older beds follow. 

>Inthlsp^;Mr the tertf "lean" is applied to shale that will yield less than 16 gallons of oil to the short 
tonaad "rteh" to shale that will yield more than 15 gallons. 
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Samples from these localities when subjected to distillation gave 
the following results : 

RetulU o/diatillatum of samples from three localities on a single bed of shale en the west 

side ofPtceance Creek, sec. It, T, 1 JV., R. 97 W. 



Location No. 



34. 
85. 
96. 



Total 
thldmeas 
sampled. 



Ft, in. 
h 4 
4 2 
8 8| 



Yield of 

olljMrtoo 

oishale. 



QoOimt, 
S8.0 
14.7 
81.0 



Gravity of oflL 



a888(37.«*B. 
.887(27.9*8. 
.888(28.5*8. 



This zone contains shale which on weathering resembles somewhat 
closely a massive bed but which may be subdivided upon close exami- 
nation into a number of very thin units differing from one another 
only in minor particulars. The gravity of the oil derived from these 
samples is fairly uniform, but the quantity differs widely. It is 
possible that part of this difference in yield may be due to changes 
produced by weathering, although if such were the case it would seem 
that the gravity of the oil in sample 35 would show a corresponding 
increase. However, the data at hand are not sufBcient to make 
generalizations. 

Along both sides of Green River, Wyo., in Tps. 13 and 14 N., R. 108 
W., a single bed or zone of rich oil-yielding shale is exposed in almost 
continuous outcrop for several miles. The bed is made up of alter- 
nating thin benches of rich and lean shale which weather into a most 
characteristic form, so that the bed can be easily identified from place 
to place. The richer benches weather to grayish-blue ledges which 
project beyond the softer lean shale, as shown in Plates XTTT, £, and 
XIV, A. In places slabs 3 or 4 feet square and only an inch thick 
have weathered out and he scattered over the surface. The four 
sections given below illustrate the variabiUty of the different parts 
of the bed. The results of the field distillations of samples taken at 
three of the places are given in a separate table following. 

Sections of shale bed along Green River, Wyo. 



27, T. IS N., R. 108 W. 



Ft 



In. 

} 
5 
1 
8 
Shale, hard, black, rich. 2 



Shale, hard, black, rich. 
Shale, soft, brown, lean. 
Shale, hard, black, rich. 
Shale, soft, brown, lean. 



Shale, soft, brown, lean. 
Shale, hard, black, rich. 



Ft. In 
1 8 
3 

8 ^ 
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Seetiona of dude bed along Oreen River , Wyo, — Continued. 

Lodrtka 101, Mc IS, T. IS N., R. 108 W. 



Ft. in. 

Shale, haid, black, rich 6 

Shale, thin bedded, brown, lean. . . 2 

Shale, haid, black, rich 10 

Shale, thin bedded, brown, lean. . 3 
Shale, haid, black, rich 2 



Ft. tn. 

Shale, thin bedded, brown, lean. . . 4 

Shale, hard, black, rich 6 

2 7 



Lodrtka lOS, MC 2S, T. 14 N., R. 100 W. 



Ft in. 

Shale, thin bedded, brown, lean. . 6 

Shale, hard, black, rich 1 1 

Sandstone 1 



Ft. in. 

Shale, hard, black, rich 1 5 



3 



Locfttfon lOS, MC 9, T. 14 N., R. 108 W. 

Ft. in. 

Shale, brownish, black, thin bedded, lean; not sampled 2 4 

BenUU ofdUtUkUion o/soTnplea of shale from three localities along the oiUcrop of a single 

bed in Tps. 13 and 14 N., R. 108 IT., Wy(mvng. 



Location No. 



Total 
thickness 
sampled. 



Yield of 

oil per 

short ton 

of shale. 



Gravity of oil. 



Yield of 

ammanium 

sulphate 

per short 

ton of 

shale. 



100 
108 



Ft, ^. 

8 3| 

2 7 

8 



(TaOont. 



19 
84 
82 



Not determined. 

0.8004 (25.65* B.). 

.8818 (28.77* B.). 



Pottfub. 
0.8 
6.7 
8.6 



In many places massiye beds of dark, tough, rich shale contain 
lenses of coarse sand that show no free oil. In other places small 
masses (some of them mere films beftween beds) of solid black hydro- 
carbon are foimd in the shale. Hydrocarbon occmring iS this way 
in a small gulch east of Piceance Creek near its mouth possesses aU 
the properties of elaterite, but in most places the material is similar 
to gilsonite. In sec. 14, T. 1 N., R. 97 W., this elaterite may be seen 
at a number of places between two beds of rather rich shale. In 
some places, such as Hay Gulch, in sec. 36, T. 1 N., R. 96 W., there 
are pockets of black material which have the shape of partly com- 
pressed stems but which show no woody structure, as would be ex- 
pected if they were carbonized wood. The material contained in 
these pockets is not soluble in ether, chloroform, gasoline, or turpen- 
tine, the ordinary solvents of hydrocarbons. 

Fossil remains, except those of microscopic size, are scarce but 
include leaves, fresh-water shells, insects, and fish remains. None of 
the fossils collected were foxmd to be especially diagnostic, although 
several were identifiable. The shells were collected near the base of 
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the formation, as were most of the fish and leaf remains, \)\xt excel- 
lently preserved remains of insects (Diptera larvae, etc.) were found 
at a number of horizons in the oil-yielding portion of the formation. 
The following stratigraphic sections were measured at places indi- 
cated on the map (PI. XVIII), and illustrate the character of the 
rocks exposed in different parts of the field. The beds of shale that 
are known by testing or are estimated to yield 15 gallons of oil or 
more to the ton of shale are indicated by heavy type in the sections. 

Sectums in northwestern Colorado, 

Locmtloa A, T. 2 N., B. 104 W. 



Ft. in. 
Bliale, gray, with a few hard sandstone 

beds each a few inches thick 350 

Sandstone, white 1 

Shale,gray 60 

Sandstone, clayey 1 15 

Shale, thin bedded, with a few thin beds 

ofsandstone 15 

Shale, brown to black, contains thin 

beds of rich oil shale 2 

Shale, thin bedded, slightly carbona- 
ceous, but is supposed to ytold very 

littleoil 30 

Shale, brown, thin bedded, will probably 

yield some oil 1 

Shale, brown, will probably yield some 

oil 2 

Shale, gray, thhi bedded 18 

Shale, thin bedded, brown, contains thin 

laminae of oil shale 10 

Shale,sandy 40 

Shale, dark brown, rich in oil 4 

Shale, light gray, sandy 7 

Shale, will yield alittleolL 1 

Shale,gray 2 

Sbale* dark brown, rich in oil # 

Shale, slightly ipidy 7 

Sandstone and shale; sandstone shows 
ripple marks as nmch as 6 inches from 

cresttoorest 15 

Sandstone, coarse, containing concre- 
tions 3 

Sandstone, clayey 6 

Shato,8andy 50 

Sandstone and shale, about GO per cent 
sandstone; sandstone for the most part 
ripple marked; one thin bed of carbon- 

aoeousshale 90 

Sandstone, conglomeratic at the base; 
most of the pebbles are flat; some are 

4 inches across 2 

Sandrtona, thin bedded, not resistant.. . . 15 



Ft. in. 

Sha]e,8andy 9< 

Sandstone, ripple markad; r^les 4 
inches from crest to crest and three- 
quarters of an inch deep 8 

Shale,sandy 10 

Sandstone, friable, with about 10 per 

cent of shale; sandstone is oolitic 3 

Sandstone, friable, with about 83 per 

centofshale M 

Sandstone, thin bedded 15 

8hale,gray 25 

Sandstone, shaiy 1 

Shale,sandy 15 

Sandstone, coarse grained 3 

Shale 75 

Oolite with grains as large as ooe^ix- 
teenth of an inch; this stratum is a 
massive ledge maker, the most resist- 
ant rock of the formation 5 

8hato,sandy 62 

Sandstone, thin bedded 5 

Shale, gray, mostly covered... 114 

Sandstone, thin bedded, cross bedded, 
and slightly conglomeratic; the grains 

are mostly silica and well rounded. ... 10 

Shale,gray 50 

Sandstone, conglomeratic; largest pebbles 
obeserved have a marimnm diameter 

of one-half inch s 

Shale,gray 26 

Sandstone, shaly 3 

Shale,gray 20 

Surface covered, supposed to be mostly 

shale; tan-colored shaleejqwaed at base. 280 

Sandstone, white, lenticular S 

Shale, drab, contains some sand 201 

Sandstone, tan-colored 6 

8hale,sandy 120 

Sandstone, tan-colored, definitely Wa- 
satch; bottom of section. 

1,872 5 
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8m(Um$ in narthwettem CoJorodb— Continued. 

Lodrtka B, T. 1 N., R. IM W. 



Sbato, •vwdy thin bedded, witb yery 
little andstone 

Sbale, dark, thin bedded, eettanated that 
at least 50 per cent Is oll4>eaiing shale 
(sample 10 from bed 3 feet 10 Inches 
thtek near top; 11^ gallops) 

Shale, sandy, thin bedded, lean 



Ft. faL 
2S0± 



Shale, thin bedded, sandy In places, 
bltominoas In others, will yield some 
ofl. 

Shales dark brown^ weathers Uolsh 
gray, rich 

Sandstone, shaly 

Sandstone, friaUe, weathm to roond 



Shale, hard, dark brown,U8ample 
rldi 8;4J6 

Shale, light brown Jgalkms). 

Shale, alternating beds of rich oil4)earing 
shale (estimated 10 per cent) and lean 
shale 

Shale, dayey, oootaining thhi beds of 
ridi on shale 

Shale, thin bedded 

Shale and sandstone, containing some 
o&4)earfag layers; the entire member is 
colored red by burning 

Shale, sandy; contains some thin sand- 
stones*. • • 

Shale, sandy 

Staatob dark brown, hard; weathers 
blnl8hgray;ridi. 

Sbale, clayey, thin bedded; contains a 
fBW thin layers of rich shale 

Shale, sandy 

Shale, thin bedded, clayey 

Shale, sandy; contains some bituminous 



Staatob with thin beds of rich oil- 
bearing shale; estimated that 50 

per cent is rich rock 

Shale, sandy 

Staatob dark brown; weathers 

bluish gray; rich 

Shale, sandy, thin bedded, calcareous . . . 

Shale, carbonaceous; contains beds of 

ridi shale as thick as three-quarters of 

an Indi (sample 12; 8.64 gallons) 

Sandstone, r^ple marked at top, thin 
bedded 



50 

11 

4 



7 

7 
5 

1 
1 

8 8 



7 

4 
6 



45 

5 

10 

1 

19 

3 

8 

1 



4 

11 

2 6 

4 



2 3 



Shale, lean 

Shale, dark brown; contains dissemi- 
nated Iron sulphide (sample 11; 8.22 
grikms) 

Shale, thin bedded, brown 

ShalayMody..... 

Shale, dark brown, niasslye,rioh . . . 

Shale, gray, lean; contdns some bltumi- 



Sudfltona, thhoi bedded . 



7 





8 


1 


1 


11 


1 


11 




9 


6 





4 





4 





6 






Shale, sandy 

Sandstone, even bedded 

Shale, grading into sandstone at the top . 
Shale, dark brown, with dissemfaiated 

iron sulphide, rich 

Shale, sandy at base, thin bedded at top . 

Sandstone, thin bedded 

Shale, sandy 

Shale, thinly laminated, dark brown on 
fresh surtece; contains beds of rich 

shale 

Shale, sandy ^ 

Shale, thinly laminated, dark brown on 
fresh exposure; probckbly will yield 

some oil 

Shale, dark brown, thin bedded, rich . . 

Shale, sandy 

Sandstone, thin bedded, ripple marked. . 
Shale,sandy; in places will yield oil.... 
Shale, dark brown; weathers bluish 

gray; rich 

Shale, sandy 

Sandstone, thin bedded, with some 

shale 

Shale, lean 

Sandstone, cross-bedded at top 

Sandstone and shale 

Sandstone, in beds having a maxtmtiTn 

thickness of 4 inches 

Shale, with some sandstone ; shale is dark 
and carbonaceous; probably will yield 

some oil 

Conglomerate; maximum size of pebbles 

half an inch 

Shale, drab 

Shale, brown; slight oHy 

odor 

Shale, dark brown; weath- 
ers blue 

8hale,light brown; weath- (sample 

ersplaty • 7; 12.6 

Shale, dark brown, hard; gallons) 

weathers blue 

Shale, soft, brown; weath- 
ers into fine lamino) and 

curls on surfiace 

Shale 

Oolite 

Sandstone and shale 

OoUte 

Shale and sandstone in layers as thick 

as 6 inches 

Shale, finely laminated; gives slight oily 

odor when broken 

Sandstone, calcareous 

Shale; lower part drab; upper part 

weathers curly 

Dlmestone 

Shale, mostly drab, partly carbonaceous, 

finely laminated 

Shale, thinbedded, rich;gives slight 
oily odor when fteshly broken. .. . 



Ft. In. 



7 
2 
7 

1 
9 
3 
9 



7 
18 

3 
25 














7 
2 



8 

1 
13 

2 
4 



2 









5 



33 



25 


8 





4 




n 




5 




2 


1 
50 

25 





4 

6 


40 





8 



6 


13 



2 


33 





5 
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Sections in northwestern Colorado— OaatiDXLed, 
LoeatloB B, T. 1 N., B. IM W^-Gantinned. 



Ft. in. 

Sandstone, oontaiiiing day balls 2 

Sliale,drab 35 

Sbalie,8andy 8 

Sandstone, containing pebbles as large as 

half an inch in diameter 2 

Shale^sandy 1 6 

Slimle» dark brown, rich; gives oily 

odor when broken 4 

Slimie, thick bedded, rich 2 10 

Shale, finely laminated, brown, carbon- 

aoeoos 2 6 



Ft. in. 



81imle» thick bedded, rich; giyes oily 

odor when broken 

Shale 

Sandstone, ooarae grained 

Shale 

Sandstone 

Shale, thinly laminated, dark brown 
Talus slope at bottom. 



3 





12 







2 


10 







5 


3 






«29 1} 



Locatkm C, on north aide of WUta Shrer, T. 1 N., R. 104 W. 



Shale, sandy; weathers to nnmd forms. . . 

Shale, light brown, lean 

Interval, probably sandy shale 

Sbatobdaik brown; weathers bluiahgray; 

rich 

Shale 

Sliale» dark brown; weathers bluish gray; 

rich 

Shale 

ShAle^ daikbrown; weathers bluish gray; 

rich 

Sandstone, thin bedded 

8liale» dark brown; weathers bluish 
gray; 75 per cent rich shale and 20 

per cent lean shale 

Staalek dark brown; weathers bluish 

gray;ridi 

Shale, brown, thin bedded 

8liale» daik brown; weathers bluish 
gray; 75 per cent rich shale and 25 

per cent lean shale 

Shatoi dark brown; weathers bluish 
gray; about 10 per cent lean shale, 

remainder rich shale 

Shale, dark brown; weathers bluish gray; 

about 40 per cent rich shale 

Shale* dark brown; weathers bluish gray; 
about 10 per cent lean shale, remainder 

rich shale 

Shale 

Shale, dark brown; weathers bluish gray; 
about half rich shale and half lean shale. 

Shale, sandy 

8liale» dark brown; weathers bluiahgray; 

rich 

Sandstone, massive 

Shale^ dark brown; weathers bluish 
gray; rich and lean shale inter- 
bedded 

Shale, sandy 

Sandstone, thin bedded 

Shale 

8liale» dark brown; weathers bluish gray; 
rich; contains an abundance of iron 

pyrite 

Shale; about 25 per cent rich, dark brown 

81iale»daik brown; weathenbluishgray; 

rich - 



50 










20 










7 





1 





8 







6 


15 






8 

8 
1 4 



5 



5 





85 





1 
3 






3 
4 






1 


6 
6 


5 
23 

2 
20 








1 
2 







2 



Shale 

8liale» dark brown; weathers bluish gray; 

rich 

Shale 

Shale, sandy; about 33 per cent ridi, dark 

brown. 

Shale, sandy 

8liale» dark brown; weathers bluldi 

gray; rich 

Shatoi dark brown; weathers Mniflli 

gray; rich; and sandy shale 

Shale, sandy 

8liale»daik brown; weathersbluishgray; 

rich 

Shale, drab, with thin layen of ridi dark- 

brown shale 

8liale» dark brown; weathersbluiihgray; 

rich 

Interval, probably mostly ahale 

Sliale» daik brown; weathers bluish gray; 

rich 

Shale, sandy 

Sandstone 

Shale 

Sbatob dark brown; weathersbluishgray; 

rich 

Shale 

Shale* dark brown; weathersbluishgray; 

ridi : 

Shale 

Sandstone, ahaly .\ 

Shale, light gray, sandy 

Shale; black; contains thin beds of ridi 

dark-brown diale. 

Shale, drab, with some thin beds of ridi 

dark-brown shale near top 

Shale* daik brown; weathen bloidi 
gray; ridi; interbedded with lean 

diale 

Shale, thin bedded; 25 per cent ridi daik- 

brown shale 

Shale* dark brown; weathers bloidi 

gray; ridi 

Shale, with thin beds of rich dark 

brown shale 

Shale* dark brown; weathers blnidi 

gray; ridi 

Sandstone, shaly, grading to diale in the 
lower part. ^. 



Ft. In. 
5 



1 
9 

18 
8 



1 
3 

1 

3 

13 

1 
5 

3 

7 



1 

85 

4 

4 

1 

20 











3 
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2 
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6 
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SeetUmM in nofiihwetUm CoIoradit>— Continued. 



C.M 



rfM'or WMto Bhrer, T. 1 N^ R. 104 W.~Coatini]6d. 



Ft. In. 
Slialib dark brown; wMthenblnidignT; 

ridi 1 

8hale,dzmb 37 

flandrtone, dmly 6 

8hale,aandy 23 

Shale,drab X 

Shato* thin bedded, black an fresh 

surface, rich 4 

8bale,nndy 5 

Shale; weathera early; wHl jrield some 

ofl 6 

Shale 18 

Sandston e , ahaly 5 

Shale. 8 

Sandstone, brown 2 

Shale. X 

Shale, dark brown; weathers bluish gray; 

ridi 1 

Shale, gray, sandy at base, thin bedded 

aitop 75 



Ft. In. 
Oolite, with grains as large as one-elc^th 

inch in diameter 5 

Shale, with some rich dark-brown shale.. 5 

Oolite 1 

Shale, sandy, with some sandstone 13 

Oolite 1 

Shale, api)er part tan-colored, lower part 

gray lOO 

Sandstone, light colored, with shaly lay- 
ers and some rich dark-brown shale 4 

Shale, light colored at bottom, dark at 

top; some rich dark-brown shale 27 

Sandstone, indnding clay balls; a single 

fossil gastropod was found in this bed.. 4 

Shale,drab 2 

Sandstone, at some places oolitic and at 

others slightly conglomeratic 8 

Shale,dark. - Vi± 

River. 

765 8. 



Locatloa D, T. 1 N.. B. 100 W. 



Shale, dzab; contains sandy layen. 

Shale, dariE brown, rich 

Pandsttwie. 

Shalom dark brown, rich 

Sandstone, thin bedded 

Shale, drab. 

Sandstone, thin bedded 

Shale, thin bedded, lean. 



Ft in, 

40 
6 

6 

1 

5 

X 

8 

15 
Sandstone; contains much crystalline 

qoarti; weathers like an oolite 4 

Shale, drab, with sandy layers 30 

Shatob dark brown, rich 8 

Shale,drab 35 

Sliale,lean 6 

Shale,sandy 4 

Shale; about 80 per cent rich shale in thin 

layen 4 

Shale^diab 3 



Ft. in. 
Shale, with a few streaks of rich dark- 
brown shale 5 

Shale,dnib 30 

Sandstone, thin bedded 2 

Shale and thin sandstone; contains beds 
as thick as 2 feet which probably will 

yield some oil 45 

Shale, thin bedded, lean. 10 

Shale, drab, slightly sandy 15 

Shale, tlUn bedded, lean. 2 

Shale 30 

Shale, thin bedded, slightly carbona- 
ceous; in places contains thin sandy 

beds 25 

Covered 05 



890 4 



Locatka B, T. 1 N., Ba. 99 aad 100 W. 



Ft hi. 

Sandstane, yeDow, slightly flriable; con- 
tains OGOcnttoas of pyrtte 15 

bedded 20 

Shale; npper part slightly sandy; con- 
tains some mica; lowsr part not well 
exposed 120 

Shale, dariE gray to brown; contafaisafew 
beds of bttominoas shale about half an 
faMii thick 65 

Shale^ gray, oaloareoos, in beds about 2 
faidMithlck 8 

Shale, gray to brown, slightly bitumin- 
ous 20 

Slial% dark brown, rich 8 

Shale, thin bedded, gray on weathered 
outerop bat contatais thin beds of brown 
and black rich bituminous shale; esti- 
mated that 10 per cent of the rook will 
yieldofl 18 

Shale, dark brown, tfaJn bedded, 75 per 

1 



Ft. in. 
Shale; esttanated 15 per cent rich oil shale. 20 
Shale, gray on outcrop; top sandy, in 

beds 8 biohes thick 20 

Shale, thin bedded; probably 15 per csnt 

richollshale 10 

Shale, thin bedded, papery; esti- 
mated 75 per cent rich oil shale 7 

Shale, sandy; contains few carbonaceous 

layers 5 

Shale, thin bedded, estimated 50 per cent 

richollshale. 1 6 

Shale; contains little rich bituminous 
shale, but the whole is brown on fresh 

surface and probably will yield oil 1 

Shale, sandy, thin bedded 4 

Shale, dark brown, rich 1 

Shale, thin bedded, lean 6 

Shale, thin bedded, dark brown, 

rich 2 

Shala^nady % 
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Seetiont in norihwesUm Colorado— Oontinaed. 



Locatloii B, T. 1 N^ Ba. 99 ud IM W^-OontfamBd. 



Ft. in. 
CDiala, lor fhe most part tliin bedded, gray 
oo weathered outorop; probably 20 per 
cent of the whole Is shale i^hloh will 

yleUofl 13 

Shale* dark brown, masdve; reststs 

weathering; rich. 2 

Shato* massive (estimated yield, 20 

galloos) 4 

Shale, ligfht gray, slightly sandy and bita- 

minoos 45 

ShalSb dark brown, rich. 1 

Shale, thin bedded, lean. 18 

Shale (estimated yield, 20 gallons) 6 

Shale, gray on weathered snrfMe, thin 

bedded,lean 43 

Sandstone, with nomeroos dark specks. . 2 

Shale,sandy 7 

MudOy dark brown; about 67 per omt 

rich and 33 per oent lean. 1 

Shale,dnib 1 

Shale» dark brown; appears to be 

veryrich (sample 13; 33.6 gallons).. 5 

Shale, about fiO percent oil shale 2 

Shale,8andy 33 

Shal% dark brown, rich 1 3 

Shale 2 6 

Shale, thin bedded, slightly carbona- 

oeous, but will probably yield some oil. 6 

Shale, gray, thin bedded 15 

Shato* dark bnmn, rich 6 

Shale 8 

Shale* dark brown, rich 6 

Shale, thin bedded 4 

Shale, dark brown, rich 2 

Shale, thin bedded; contains possibly 

about 10 per cent rich shale 8 

Shale* dark brown, rich 1 

Shale 6 

Sandstone, fine grained, masslye 4 

Shale 8 

Shale, dark brown, rich 2 

Shale, gray, thin bedded. 7 

Sandstone, shaly 2 

Shale,sandy 7 

Shale, dark brown, rich 8 

Shale; contains some sandy beds 40 

Sandstone, yellow, shaly 15 

Shale and sandstone in about equal quan- 
tities 50 

Shale, dark brown, rich 6 

Sandstone, shaly 8 

ShAle^ dark brown, rich, with some 

sandstone lenses 1 o 

Sandstone, shaly 8 

Shale, very thin bedded (estimated 

yield, 25 gallons) 1 6 

Shale, 25 per cent rich 1 o 

Shale, dark brown, interbedded with 

I>apery shale. 6 

Shale,drab 3 

Shale, lean 3 

Shale, bnmn, thin bedded 6 



Ft. In* 
Shales thin bedded (estimated yield, U 

gallons) 1 8 

Shale,drab. 7 

Sandstone*, shaly 2 

Shale, dark brown (estimated yield, 

26galkn8). 2 6 

Shale, friable, yellow, taitlonlar 1 

Shale,drab « S 

Shale, Tery thin bedded (probable yield, 

less than 15 gallons) 2 

Shale,sandy S 

Shale, thin bedded, with a few bitnmi- 

nooslayers 10 

MuOe, dark brown, rich, thin bedded 

(esttanated yield, 35 gslkns) S 

Sandstone, contains quarts grains o»> 

mented with iron oxide. 4 

Shale, thin bedded. 4 4 

Shale, drab; contains sandy beds 6 

Shale, gray, sandy 10 

Shale, thin bedded, with some rich 
oU shale (estimated yield, 30 gal- 
lons) 5 

Shale,8andy 8 

Shale, thin bedded; will yield some ofl.. 2 

Shale,sandy 7 

Shale, thin bedded, lean. 5 

Shale, drab; some layers 1 foot thick; will 

yieldoO 10 

Shatab dark bnmn, rich 4 

Shale, thin bedded 4 

Shale, brown (estimated yield, 25 

gallons) S 

Shale, about 50 per oent bitnminoas 2 

Shale, thin bedded, bituminoos 7 

Shale, thin bedded; oontafais rich bitu- 
minous layers; also sandstone lenses 

andleanshale 16 

Sandstone, thin bedded 6 

Shale, thin bedded (estimated yield, 16 

gallons) S 

Sandstone, Ufl^t^jolored 2 

Shale, dark bnmn; partrich and part 

lean i o 

Interval largely covered, but probably 

shale 40 o 



874 9 



Between the last bed mentioned above 
and the base of the Green River forma- 
tion there is a distance of about 300 feet 
in which the rocks are largely oonoealed 
by surface material. It is probable, how- 
ever, that there is considerable oil shale 
In this taiterval, but that it has been 
burned so as to lose its ordinary diarao- 
teristics. The burning is indicated by 
loose (Pigments of red burned rook on the 
surface, by slaglike masses of Itaed nli^ 
terlal, and by black burnt-out shale 
posed near the base of the tematioo. 
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SictUmi in northwestern Colorado— dmUimed. 

Locatioii ¥, T. 2 N:. R. §8 W. 



(About 76 per oat) and 

lU^itly bjtnminoiw aliate. 

Shale^ gray, sandy; some layws brown 

en fkvsh sQrfMflB 

Shale; aboat 30 per cent rich bito- 

minoos sbale (samples 18, 19, 22, 

23,aDd2l; 6.25to22.88gaUons)... 

Sbale, tbin bedded, sU^itly bttumlnous, 

and sandstone 

minutely cross-bedded. 



Sbale, drab; oontaJns a few tbin beds of 

sandstone 

Sandstone, massive; contains a few thin 

layers of conglomerate 

Shale, in part slis^tly bituminous, with 

a few thin beds of sandstone 

Sandstone, In part chertlike 

Shale, thin bedded 

Slimle^ dark brown, rich, and thin- 
bedded lean shale (estimated yield, 

25 gallons) 

Shale, sandy, lenticular 

Sbale, thin bedded (estimated yield, 

15gBJlons) 

Smdstone 

Shalltdark brown, riehi (sample 

Sandstone, oherty 21; 26.8 

Shmle, dark brown, rlchj gidlons). 

Sandstone and shale 

Conglomerate with pebbles half an inch 

in diameter 

Sandstone and shale, with layers of rich 

oO shale 1 inch thick 

Shale and some sandstone.^. 

Sanclstone * 

Shale, gray, thin bedded 

Sandstone, slightly conglomeratic and 

oolitic 

Sliato, thin bedded (estimated yield, 

25 gallons) 

Shale, dark brown (sample 20; 12.6 gal- 
lons) 

Sandstone, irregular in thickness, weath- 
ering light yellow 

Shaleiy dark brown'; weathers to papery 

ahale (sample 14; 13.3 gallons) 

Sandstone, shaly 

Bbiitb, 11^ brownish drab; weathers to 
sheets one^ls^th to three-eighths inch 

tUek (sample 15; Sgallons) 

Sandstone, coarse, yeUow 

fflale, U^t brown ] (sample r 

ShaK dark brown, fairly rich I 16; 1.9 | 

weathen papery J gallons).! 

Slinle, hard, dark brown; weathers to 
bine resittant ledges; this contains 
Imnsfl nf rook igidiich weather irellow 
and we sm ble sandstone (sample 17; 

) 



Ft. 


hi. 


150 





45 





5 





150 





1 





70 





2 


4 


90 
28 



6 



5 
8 






4 

3 
1 




11 
2 
7 





2 


8 
8 







1 
84 

8 
5 
8 

9 

5 
8 



1 2 

2 

1 4 

8 



6 



Ft. In. 

Sandstone, weathers rusty tan 9 

Shale (80 per cent) and sandstone; some 
beds of shale 1 foot thick may yield as 

much as 15 gallons of oil to the ton 40 6 

Shale (estimated yield, less than If gal- 
lons) 1 

OoUte 4 

Shale, subtly bituminous | 

OoUte 2 

Sandstone, thin bedded 5 

Oolite 2 

Shale, slightly bituminous i 

OoUte 8 

Sandstone, thin bedded, with some bi- 
tuminous shale 58 

Shale, brown, lean, interbedded with 

thin sandstone 50 

Shale, brown to black, thin bedded, 

slightly bituminous 50 

Sbale, brown, very thm bedded ;weathers 

curly (estimated yield, 15 gallons) 1 

Sandstone, shaly 15 

Sbale, brown, thin bedde4; weathers 

curly (estimated yield, 15 gallons) 1 o 

Sandstone, shaly 8 

Shale, drab to gray, interbedded with 

thin be(te of sandstone 90 

Shale, brown to black, thin bedded (es- 
timated yield, less than 15 gallons)... 25 

Shale.drab 10 

Shale, brown on fresh surface, thin 

bedded, slightly bituminous 8 

Shale, tan-colored; weathers white; 
many of the Joint planes, which are at 
right angles to the bedding, are filled 

with a siliceous deposit 

Shale, gray; weathers almost white; 
upper part thin bedded; some of the 

sh^e is slightly carbonaceous 

Shale, drab and tan-colored 

Sandstone, light gray, fine grained, cal- 
careous, ripple marked, lenticular 8 

Shale, drab and tan-oolored 200 

Sandstone, ripple marked, lenticular 1 

Shale, sandy 15 

Sandstone, tan-colored, thin bedded 1 

Shale, drab 28 

Shale, tan-colored 50 

Oolite 

Shale, tan-colored 20 

Sandstone, thin bedded 

Sbale, drab, tbin bedded 40 

Sandstone, tan-colored, ripple marked, 

tbinbedded 1 

Shale, with a few sandstone beds, tan 
colored; Wasatch formation 200 



2 



20 
100 










6 

6 
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Sections in northwestern Colorado— CaDtmnBd. 

Locatioii G/T. 2 N., R. 97 W. 



Ft. In. 
TopofhlU. 

Sandstane, massive, tan-oolored, sligfatly 
friablei foirly ooarse grained, weathers 

Into nodular forms 5 

Shale, sandy ^ 300± 

Shale^ dark brown, rich | 

Shale,8andy 90 

Shale, dark brown (probable yield, 10 

gallons) 1 

Shale, drab, thin bedded 50 

Shale (estimated yield, 20 gallons). 3 

Shale, thin bedded, sandy 25 

Shale, dark brown, rich 1 

Shale,sandy 45 

Sandstone 3 

Shale 5 

Shale^ dark brown, rich | 

Shale,sandy 100 

Shale (estimated yield, 25 fgallons) 3 

Shale, drab, with some sandy beds, lean . 60 
Shale, generally lean, but with some 

richlayers ; 1 

Shale (80 per cent) and sandstone (20 

percent) 20 

Shale, thin bedded, containing 
thin layers of rich shale (probable 

yield of the whole, 15 gallons) ^ 5 

Shale, drab, with some sandy layers 20 

Shale,sandy 10 

Shale, dark brown, with some lean 
beds (estimated yield of the whole, 

25gallons) 2 

Sandstone, shaly 1 

Shale, dark brown (estimated 

yield, 30 gallons) 2 

Shale, lean, oolite, and sandstone, inti- 
mately interbedded; oolite and sand- 
stone lenticular 3 

Sandstone, shaly 3 

Shale,drab 4 

Sandstone 7 

Sandstone, shaly 10 

Shale, with some thin beds of sandstone; 
I>art of the shale Is carbonaceous; other 
I>arts will probably yield a little oil . . . 40 
Interval, mostly covered but probably 

shale 60 

Shale, thin bedded (estimated 

yield, 15 gallons) 2 

Shale, carbonaceous, containing beds as 
thick as 6 inches which will yield oil . . 20 

Shale,sandy 15 

Shale (estimated yield, 25 gallons) . . 5 
Shale (estimated yield, 20 gallons) . . 2 
Shale, thin bedded, mostly carbona- 
ceous; some partsare flexible and prob- 
ably will yield oil; benches as thick as 
2 feet are estimated to yield 25 gallons. 30 
Shale, sandy, in places carbonaceous. . . 25 
Shale, for the most part drab and thin 
bedded; contains beds as thick as 1 
foot which will probably yield 20 
gaJJaaa 30 



Ft. In 
Shale, 10 per cent dark btown, rich and 

90 per cent lean. 2 

Shale^ thin bedded (possible yield, 

ISgallans) 10 

Shale, carbonaoeoos S 

Covered, probably mostly shale. 100 

Shale, curly; contains lenses of bitumi- 
nous sandstone (samples 25 and 26, 
lower 8 feet of this bed; 4.78 and 8.85 

gallons) 16 

Shale, carbonaceous and sandy 2 

Sandstone 4 

Shale, thin-bedded, carbonaceous; will 

probably yield a small quantity of oH. S 
Interval, probably mostly lean shale but 
with a few thin beds which are rich in 

oU 00 

Shale, thin bedded (estimated 

yield, 15 gallcos) S 

Sandstone | 

Shale, thin bedded, black on fresh 
surC&ce (estimated yield, 25 gallons). 8 

Interval, covered, probably shale 6 

Shale, dark gray to black, thin 
bedded (estimated yield, 25 ssl- 

lons) S 

Interval, mostly covered but probably^ 

sandyshale 20 

OoUte 10 

Shale, thin bedded, brown on fresh sur- 
face, with sandstone beds as thick as 1 
foot near the base (top includes beds 
estimated to yield less than 15 gallons) 16 
Shale, thin bedded, brown on fresh sur- 
face; contains lenses of sandstone — 4 
Interval, covered but probably shale ... 16 
Sandstone and sandy shale; the s^nd* 
stone, especially in the upper part, is 

ooUtic 13 

Sandstone, mostly friable; contains 

beds which weather rusty 16 

Shale S 

Sandstone and oolite 8 

Sandstone, friable 2 

Shale, upper part sandy, lower part 

slightly carbonaceous in places 16 

Oolite and sandy shale S 

Sandstone, shaly 8 

Sandstone, with oolitic phases S 

Sandstone, shaly, friable S 

Oolite 17 

Sandstone, friable 10 

Oolite 20 

Sandstone, shaly 16 

Shale and sandstone, folded and faulted 
to such an extent that detailed meaa- 
urements are not possible. The find- 
ing and faulting are believed to be 
confined to this member. Some of 

the shale will probably yield oil 100 • 

Sandstone, tan-colored, sli^itly croaa- 
bedded; contains oolitio layws near 
thetop 17 
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SecHom in northwettem Colorodlo— Continued. 

Locatim G, T. 2 N., R. t7 W.--Coiitiniied. 



BBDdstocM, friable; oontaJiis a few thin 
kosM of oolite near the base 

Sandstone, with lenses of oolite averag- 
ing about 2 Inches long 

flandstone, shaly; ont by normal fkults 
haying throfWB of -6 to 8 feet; fault 
planes dip about 50* 8.; ripple marks 
were noted In the highest and lowest 
layenofthebed 

XDtar?al, mostly covered, probably 
sandy shale 

SandstoDe; contains oolitic phases 

Sasdstooei shaly 

Sandstone, ooUtIc ^ 

Sandstone, shaly 

Sandstone, minutely crosB>bedded; top 
ooUtlo 

Sandstone, shaly 

OoUte 

Sandstone, oolitlo 

Shale, sandy, but contains carbona- 
oeoos beds, also sandstone layers as 
thiekas21nchfl8 



Ft. taL 



16 



1 



8 



40 
6 
1 
5 
8 

5 

1 

15 

2 
















25 



Oolite, containing numerous gastropods 
at the base * 

Sandstone, shaly at the base, gray on 
unweathered surface 

Shale, slightly gray, sandy 

Sandstone, with numerous gastropods . . 

Sandstone, massive, slightly cross-bed- 
ded, fairly well rounded grains of 
quarts 

Sandstone, calcareous, contains gastn>> 
ix)d remains 

Sandstone, massive, slightly cross- 
bedded 

Sandstone; weathers buff; resistant, in 
layers 1 inchtoOlnches 

Shale, sandy, and friable sandstone; the 
sandstone predominates but does 
not form ledges. This is supposed to 
be typical Wasatch. 



Ft. in. 



8 



8 
1 



Sectt e g near iMatloB H, fkem gae weU to month of Pleeaaee Creek, T. 1 N., R. 27 W. 



Sandstone, ooane, yellowish brown, fri- 
able, oross-bedded 

Shale, light gray 

Sandstone, tan-colored, friable. 

Sandstone, brown, friable. 

ainle, light gray, sandy (sample 42; 0.31 
CsUon) 

Shale, gray, thin bedded ' 

Sbnle* hivd, brown, rich, lenticular 

Shale, gray 

Sandstone, yellowish brown at base, con- 
tains vegetable remains. 

Shale, with few lenses of sandstone, much 
distorted 

Shale, sandy, very lean. 

Shale, sandy at base. 

Shale, sandy at top 

Sbalethard, brown, rich 

Shale, sandy 

Shale, sandy, thin bedded 

Shale, lean (90 per cent) and hard, rich 
shale (10 per cent) 

Shale, sandy, thin bedded, gray 

Sandstone, massive, yellowish brown, 
ooarse grained 

Sandstone, yellowish, thin bedded 

Shale and thin beds of rich, hard shale. . 

Shale, sandy, thin bedded 

Sbale, hard, rich, and thin-bedded 
shale 

Shale, MUidy 

Sbale, hard, brown, rich 

Shale, sandy, thin bedded 

Shale, far the most part barren but in- 
eludlng beds as thick as 1 foot which 
will yield oonsldsnbleoiL 



Ft. In. 

100 

10 

20 

100 



45 

12 

1 

78 










55 



40 
6 

eo 

24 

25 
2 

1 

8 

17 
12 
82 
17 







8 

6 

6 









8 

10 

1 

80 
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Sandstone, clayey 

Shale, hard, brown, lean. 

Sandstone, clayey, shaly 

Shalo, sandy (80 percent), and hard, rich 
shale (20 per cent) 

Shale, hard, brown (sample 38; 25.2 

gallons) 

Shale, slightly sandy 

Sandstone, calcareous 

Shale, partly rich and partly curiy. 
Shale, tops^ndy, tan-colored 

Shale, hard, brown, rich (90 per 

cent) and lean shale (10 per cent). 

Shale, thin bedded,carbonaceous, sandy . 

Shale, curly, lean (75 per cent), and 

hard, rich shale (25 per cent) 

Shale, sandy 

Shale, curly, lean. 

Shale, drab 

Sandstone, irregularly bedded 

Shale, thin bedded, lean 

Shale, thin bedded, lean (90 per cent), 

and hard, rich shale (10 per cent) 

Shale, thin bedded, sandy 

Shale, thin bedded (90 per cent), and 

hard, rich shale (10 per oent) 

Shale, slightly curly, lean 

Sandstone, clayey 

Shale, thin bedded at base, sandy at top. 

Shale, hard, rich 

Shale, sandy 

Sandstone, calcareous. 

Shale, thin bedded, curly 

Shale, hard, brown, variable thick- 
ness (sample 37; 23.25 gallons). . . . 
Shalo, thin bedded 









4 



6 



15 



1 6 



1,605 111 



Ft. 


in. 


5 





3 





17 





2 


6 


5 


11 


10 





8 





8 





80 





2 





3 





3 


4 


5 





2 







6 




2 


10 







6 


5 





1 





5 





1 





25 







6 


2 





5 





1 





5 


H 


20 


Q 
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Stttiant in northwettem Colorado— Caatiiiued. 



Sbale^iriy, and lurd.tlcb alulal. . . 

8bile,l)rDWD, ihln bedded, l«Mi.,.. 
Shale, jandy.tliln bedded 



Stula, sui Jjr 

ShttlB,ttiIabedded,iU{1itlyC!urir... 
Sbalc, bard, brawn, rldi 



Bbale, thin bedded, dWitlj o 



8lulB,hanl,rUL.... 

Bluls, black, a 
-Bh&lu.thia bedded, drsb... 

Shale, htu-d, Tlcb <J0]>«' ceat), a 

lem shale (50 percent) 

Sbals, stlghlly cuily (m per MDt), a 

rich ahala (S per omt) 

Shale. mid]r. 

8lMk^ hard, ridi, end leaa ihi 
(wU muted yield. 3D eallons) 



ahata) DUestre, rich, viath) 



Shale, tbtn liedded, Inui (90 per emt], 

and rtdi shale jopetoenl) 

Shale, daili: blown, rich, and Inn shale 

{M pet ceol eodi) 

ShalBi hard, <Urk brown, rich. 

Shale, drab 

Shale, IhlD bedded, lean 

Shale, wmtbenblui'i maa9t*e,Tich 
(3Bmiil(9 32, Id, 34. 35, and 36; 14.7 






Shale, thm bedded, loui 

Shale, bard, dark brown, rldi 

Shale, hard, black, rich 

Bbale, thin bedded, lean 

Shale, ban], -iluk bnnm; eetlmatad 

yield. 15 gallona. 

Shale, light grty 

BbaIc,ruily:iirUl yield oS 

Shale, darli brown, hard, rich. .---..-- . 
Bhale,eaiidy carbonaceous 

Shale, cully papery and email 
lenses ol Bdlld bydnxarbcme 

ahale,darkbnnni, hard, rich 



bale, cuTlj, p^ery; will yield ^... 
Shale, dark bnnm, 

bedded 

dhale.ESiidy 

Shale, brown, cnrly.wltb 

lenan o( aandMone ■ ■ . 
Sendstone, lenticular. ■ 

Bhale, thin <Mdded 

Bbale, light brown, lean. 
Shale, Tery dark brown, 

curly, thin bedded. . 
Shalt, thin beddi 



urly.. 



Shale, curly papery; will yield oa )0 

Cocered, mostly abale. 10 

Shale,cur]y ptpery wlllflelddl I 

Covered, probably niestly shale U 

aiMk^ dark brown, rich 

Bhala, much ol 1C papery, early; wfl] 

TteMitemallaraouatiifoil IM 

Bbale, curly papery,lBblyrich(«l«lplBa 

i!,1», », BDdJO; K.4 tolUpakna)... U 

Bbale, muchot It curly and wttlyleldiA. ff 

Shale,oiirly papery: wUlykMoS • 

flhale and clay ton « 




dvfl, Irregular baae, r1^ 
pie marked «n top. 
Covered, but probably tan^colored shale 
Bandftone, resistant and croae-bedded at 

Sandstone, tight gray to wfaKa, coanB. . . 



ICFW... 



Bbale, yellow 

Shale, drab 

Bbale, brown, lean. 

Shale, drab, with thin beds < 
Bbale, thin bedded, curly... 
ahal*,diBb. 



LacadBB I, wrtb tl Whila Rlrar, T. 1 N, B. M W. 



Shale, lean <IS per omt), and Itch tfe 
(TSptrcenl) 

Shale, sandy 

Sbale, dark brown, masalve, Itch... 

adiKl51oni>, IrlaWe 

Shale, thin bedded, mmI Imd bn 
■haU 

Saadstone, OdlltlD, taiHshnd 

Shale, fray, thin baddal.... 

ooUtlsandoa ~ 



on, SHALE IN NOETHWEBTEBN COLOBADO. 
Stetioniin norAwtattm Colondo — Contmued. 

N„ B. M W.-Cuitlimed. 



V.tUnbMd^. 

WpfrtBUs. 

'At 

rl7(arttin 

e,<nlltii>,,Tli)ptei 

awi«, tiar, VObMj win riald lliua or 

etlBle, canUlnlaf; a tew thin beds of rich 
blacksbalii 

Aha)*: amtaloa a Isrge Bnmber of rldi 
layan JnterbediiFd witli sandy ihal*.. 

Shala, thin b«dd«l; fnaiaios a iaigt 
numbar of thlB bwli of rich ihale; Uw 
whols Aliebcl)' rkbar than the imlt 
naitabo™. 

Bhale. hard, dark brova, rich. 

Bhair: nmlains a lev thin badi of ridi 
dULia. 

etale, hard, dark brown, rich 

Bbals, IhiD bedded, ullghtlj sandy 

Sbsla, hard, dMkJtrPwn, rl<:h (nmpl« 
«; 13.7 EBlloqSE!; 

SbBle,haid, brown, mas! tb (sample 40; 

U^S^Uona) 

Hhale, Interbedcled with bjan of rtcb 

afaala; the whole probably lean. 

Shale. thhih«lded,iilieh(lysaDdy. .... 

Shale, hard, dark brown, rich 

Oule, thlnhedded 

Slulc, hard, dark brown, rK^t 

Shale, itandy 

Slultt hard, dark brown, tloh. 

auidMoiu. 

Stuk^ hard, dark biovn, ridi wltb 

some I(«n layeta 

Blule,thlD bedded, slightly nndr- 

Slule, hard, dark broii-n,rtd]. 

Shale, thin bKlded. .flight ly nndy; oou- 

tulnlnit caverns in plioa Mad with 

■oUd hydrocarbon 

EB>U,HDdT 

8b«to,lMm 

8b>la,tblD bedded, sllehtlyMDdy. 

Bbal^ bard, dark brown, rich 

8lala,leaD. slightly aandy 

Sbah^ sandy, thlo bedded 

filMla, moiji iwfitf»ft* a fvw thin laym 

4if rich shale- 

8tel«,£niy,Bllght1yBandy 

Shale, haul, dark brown, ildi, vlth 

]s4ui shale inter bedded. ---..,-, 

flbale, gray, slightly aandy. 





It. bb 


Shale and' Iblo beds o( ■mdilaia ... . 
ShalclilOTni.curly 


.. B5 






8h»l«, sandy, drab 


7S 



LmMIm J. T. 1 N.. R. M W. 



^ole, leai 



: probsbly will yield a miall 



Slialt^ hard, dark brown, ridi . . 

Shale, paptt;, lean 

Shale, landr 

Shale, dark brawn, rich 



ShBle,rich 

ShnJe.Eray slfghtlyaandy 

Shale, hard, dark brawn, ridi... 



Shale, fery lean. 

Shall-, BBody 

Shftle, dark bnn 



Shale, Kan. 
ShiLle, daA gray, thhi beddi^d 
Shale, Biay, slightly sondy 
Shale, brown to black, thl 



Shale, duk brown to bb 



Sh:>Ie, dark brown io black, thin bedded 
to almuet pepery lean 

Shale, hard, dark brown, rieh. 

Shale, drab, thin bedded, nndy 

Sandstone, maaslye, ahowlng alight 
ri pple marka. 

Shale, sandy 



Shale, gray, thin bedded 

Sandstone 

Shale, gisy, tbln bedded. 

Sandstone, mBsslTe.eresB-becided 

Shale, gray, thin bedded. 

Shale,dBrk);riv to black, probably lean. 
Shale, gray , thin liedded , with thin bedj 

otaandatone. 

Sllale,haid, darkbn)wn,rlch 

Shale. weethSTs gmy, lean 

Shale, gifiy, thin bedded 

SbalOi thin bedded, dark brown to 

biai^ on Ireeh aurlaoe <nmpl« 3t; 

II.7gBll<nia} 

Sluli^hBrd, brown, probably rich 
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Sectuma in nortkwegtem Colorado — Comtinfied. 

LocattoB J, T. 1 N^ B. M Ww-OmtfaiiMd. 



Ft. 



Shale, thin beddedy lean. 

Shala^ hard, dark brown, rich 

Sandstone, with numerous fragments of 
vegetable remains 

Shale, gray, sandy, with thin beds of 
lean shale 

Sandstone, coarse grained, conglom- 
eratic, containing flat pebbles of shale. 

Shale and sandstone; much of the sur- 
face covered 

Sandstone, conglomeratic, tan-colored; 
contains flat pebbles of shale as long as 



in. 
8 
8 



2 



10 



1 



45 



Ft. In. 



4 inches and as thick as one^uarter 

inch 

Sandstone, tan-colored, massive, slightly 

friable, minutely cross bedded 85 

Shale, drab, sandy 55 

Sandstone .' 1 

Sandstone and shale, foesiliferous 30 

Sandstone, tan-colored on weathered 

surface, minutely cross-bedded 2 

Shale, sandy; one fossil leaf was found 

in this member 5 



8 










1,666 lOi 



LocalioB K, OB north side of Fonrteenmile Creek, T. 8 S^ R. §5 W. 



Sandstone, brown, massive 

Shale, light brown 

Shale, thin bedded, light brown, lean 
(sample 44; 6.2gallQDS) 

Sandstone, shaly 

Shale, thin bedded; weathers light gray; 
probably as rich as the bed from which 
sample 43 was taken 

Sandstone, shaly 

Shale, thin bedded; weathers light gray; 
probably as rldi as the bed from whidi 
sample 43 was takwi. . . ..••..•••• 

Shale, dark brown, but prob-- 
ably not rich 

Shale, thin bedded, very 
hard, black 

Shale, brown, hard, prob- 
ably lean 

Shalis very dark brown, 
hard 

Shale, dark brown, contain- 
ing small lenses of sand- 
stone 

Sandstone, irregular in thickness 

Shale, lean (80 per cent), and rich, brown 
shale (20 per cent) 

Shale, light brown; weathers white; lean. 

Interval, probably mostly shale 

Shale, gray 

Shale, thin bedded, light colored 

Shale, dark drab, thin bedded 

Shale, very thin bedded, with thin layers 
of rich, dark-brown shale 

Shale, gray, lean; weathers to small 
plates 



Ft. 


in. 


50 





75 





64 





19 





40 





17 






50 



(sample 43; 
9.4 gal-, 
Ions). 



«> 



m 



1 5 

7 

1 6 



1 
2 



85 
7 
40 
110 
10 
28 

1 












5 



Shale, thin bedded, lean. 

Sandstone, coarse grained, irregnlar 
bedded 

Shale, bluish gray 

Sandstone, fine grained 

Shale, bluish gray; contains TOgetabto 
reniains 

Sandstone, iH'Own, shaly 

Shale, gray, with a few thin beds of rich 
shale 

Sandstone, grayish brown 

Shale, drab, platy; contains stems of 
wood and pockets of solid h^sAl^ban 

Sandstone, gray 

Shale, gray 

Sandstone, brown 

Shale, gray 

Sandstone, brown 

Shale, gray, clairey 

Sandstone, coarse, yellow 

Shale, drab; contains wood fragments... 

Sandstone, coarse, angular grains, yellow. 

Shale, gray 

Sandstone, brown, coarse 

Shale, light drab 

Sandstone, coarse, yellowish brown 

Shale, light drab, very clayey 

Sandstone, yellowish brown, ripple 
marked 

Shale, drab, sandy, with three thin beda 
of brownish sandstone 

Sandstone, yellowish brown, upper part 
oolitic; contains rounded qnartdte peb- 
bles 

Top of Wasatch formation. 



Ft. ins 
11 



11 



12 
10 

117 



65 
4 

17 
1 
2 
1 

77 
7 

80 
2 
6 
1 

15 
8 

58 



6 

8 






8 



















1 6 
82 

19 



LoeatioB L. on Ptceaaee Creek, T. 4 S., R. 94 W. 



Ft. in. 

Sandstone, brown, massive 160± 

Shale, sandy; weathers light gray 95 

Shale, dark brown, hard; weathers gray; 
lean 112 

Shale, hard, dark brown, rich 5 

Shale, dark brown, hard; weathers gray 
(probable yield, lees than 15 gallons) ... 11 

Shale, hard, black; weathers bluish 
(mtlmMted yield, 25 gBiiUxDB) 2 



1,118 



Ft. In. 



Shale, dark brown, hard; weathers gray; 

lean 40 

Shale, hard, dark brown (estimated 

yield, 30 gallons) 1 

Shale, dark brown; weathers gray; lean. . * 168 
Shale, dark brown, rich, and thln- 

beddedshale 2 

Shale, brown; weathers gray; with a few 

thin beds of hard, dark-brown, rioh 

shale IS o 
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Sections in noiihwetUm Colorodb— Oontinaed. 



Locatioii L» •■ 



■haly; weathers reddish 



GrMk. T. 4 8^ B. M Ww-Oontiniiod. 



Ft in. 



bcowu. . . . 
dhal^drab. 



Shale 

Sandstone 

Shale, drab, slightly sandy 623 

Shale, bluish drab, with about 5 per cent 

of beds of sandstone 6 inches thick — 
Shale, drab, slightly sandy, interbedded 

with layers of sandstone 1 foot thick. . . 

Sandstone, brown, coarse grained 

Shale, drab, slightly sandy, with about 8 

per cent of sandstone in beds 4 inches 

thick 



90 





100 





4 





18 





3 





623 





102 





120 





8 






fiO 



Sandstone, brown — 

Shale, drab, somewhat sandy, inter- 
bedded with about 20 per cent of sand- 
stone in beds 8 inches thick 

Sandstone, brown 

Shale, drab, sandy, with about 40 per oent 

of sandstone in beds 1 foot thick 

Sandstone, gray 

Sandstone in beds averaging 6 feet thick, 
interbedded with gray sandy shale 
(shale probably 60 per cent of the whole) 

Sandstone, massive, brown 

Sandstone and gray shale, Wasatch. 



Ft. 
10 



66 
8 



45 
16 



in. 












200 
13 








2,002 6 



Locadoii M. oo north side of Pole Gnlcfa, T. 4 S.» R. M W. 



Shale, ligiht brown, weathers gray; oon- 
talns a few thin beds of rich shale 

StaalSb black, massive; weathers dark 
bine; rich 

Shale, light brown; weathers gray; con- 
tains several thhi beds of sandstone, 
alao thin beds of rich shale 

Shalibdiric brown, rich 

Shale, 11^ brown, weathers gray; wHl 
yMd a small quantity of oil 

Shale, brown (sample 46; 12^ gallons) — 

Shale, gray, lean. 



Ft. in. 
75 

1 



17 
8 

26 
5 2 
5 



Shale, brown, probably not quite as rich 
as the bed from which sample 46 was 
taken. 

Shale, light brown; will yield a small 
quantity of oil 

Shale, brown, weathers thin bedded, 
curly (estimated yield, 15 gallons) 

Shale, light brown, with beds of rich shale 
(probable yield less than 10 gallons) . . . 

Shale, dark-brown, weathers blue 

Shale, very light brown; weathers yellow- 
ish gray; ¥rill yield very little oil 



Ft. In. 

4 6 

5 

2 

11 
1 1 

15+ 



167 5 



N, •■ the fbee of a dlff 

Ft. 

Top of dur apprazlmately 1 ,400 feet above 
the base of the Oreen River formation. 

Shale, thin bedded; weathers platy; lean. 

81iale» dark brown, rich; weatheh bluish 
gray and thin bedded .^^ 

Shale, lii^t 15rown; wIRiers yellow; 
probably will yield a small quantity of 
oO 

Shale and thin sandstone bed 

ShalOylean 

Shale, yeOowish gray; will yield but little 
oU 

Shalfli, Ugbt brown; weathers to thin lam- 
ina (sample 49; 10.6 gallons) 

Shale, yallowish gray, probably very lean. 

Sliato^ dark brown, rich 

Shale; weathers gray; probably will yield 

a small quantity of oil 

Sliata^ dark brown, rich (sample 48; 
15.6paiaos) 

Shale and thIn-bedded sandstone; wiU 
probably yield a little oil 

Shale^ brown, lean 

Shale, light gray 

Sbatab <3*^ brown, rich; weathers 
bfaddigray 

Shale, lean (estimated yield, lOgalloos).. 

Shale, Il|^ brown, very lean 

Shalib^htfk brawn, rich 



15 





6 



•oathweeC of Cook's ranch, T. 4 S^ R. 94 W. 

hL 

Shale, dark brown, rich 

Sandstone, irregularly bedded 

Shale, dark brown, rich, containing 

much pyrlte. 
Shale, gray and thin sandstone 
Sbale^ dark brown, rich; weathers bluish 

gray 

Shale, kan 

Shale, hard, dark brown; weathers 
bluish gray; cantatas a large amount 
of pyrlte 

Shale, gray (may yield as much as 10 gal- 
lons) 

Shale, thin bedded (may yield as much as 
15Beaians) 

Shale, weathers white 

Shale; weathers bluish (will not yield 
more than 10 gallons) 

Shale, dark brown, rich; weathers blue; 
contains a large amount of pyrite 

Shale and sandstone 

Shale; weathers white 

Sandstone 

Shale; weathers white; lean ,,.. 

Sandstone 

Shale; weathers white; will yield a little 
oil 



6 

8 
7 
6 

7 
4 







6 


1 
8 



Shale; weathers bluish, thin bedded (sam- 
ple 47, 7 gallons) 

Shale; will yield a UtUe oil 

Talus slope oonoealing the lower rocks. 



Ft. 


in. 




1 




2 


I 


2 


10 







1 


11 





f 

10 





11 





\ 


8 


16 





L 


10 


> 


8 


6 







1 




3 


1 


6 




3 


1 


8 


2 





2 


6 



\V\ K 
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SeeUons in northwegtem Colorado — Continued. 

Loeatton O. In Book ClUGi north of Morris stntion, T. C 8., R. 94 W. 



Ft. izL 
Shale, browxiy makes the upper part of the 
cliff; probably will yield oonsiderable 

oil but could not be examined 310db 

Shale, weathers thin bedded; black 
to bluish gray (sample 50; 40.6 
gallons) 10 

Shale (probably wHl yield loss than 15 
gallons) 25 



Shale, hard, black, rich.' 

Sandstone (excluded 
from sample) (sampleSl; 

Shale, light brown, very > 28 gal- 
hard loos). 

Shale, black, bard: ap- 
pears to be very rich. .. , 

Shale; weathers white; thin bedded, 
slightly oarbonaceons; contains a few 
thin beds of rich shale, also sandstone 
lenses 



1 10 



40 



Shale, light yellow, thin bedded, sandy. . 30 

Sandstone, coarse grained 2 

Shale; weathers white; contains some 

sandybeds 40 

Shale, rich, dark brown 1 

Shale, slightly sandy, thin bedded 1 

Shale, rich, dark brown 3 

Shale, slightly sandy, gray 1 

Shale^ dark brown, rich 8 

Shale, lean 6 

Shale, mostly gray, partly sandy, con- 
tains a few beds of curly shale; the 

whole is supposed to be very lean 75 

Shale, with some sandstone beds as thick 

as2feet 120 

Sandstone, tan-colored, coarse grained. . . 25 

Shale, dark brown, rich 3 

Sandstone (90 per cent) and shale (10 per 
cent); sandstone coarse grained, cross- 
bedded, and conglomeratic in lower 

part 25 



Ft. In. 

Shale (90 per cent) and sandstone (10 per 
cent); this member contains beds of 
sandstone as thick as ft feet; shale is in • 
places slightly carbonaceous 100 

Sandstone, light tan-colored to gray, very 
persistent in thickness 6 

Sandstone (25 per cent) in beds not over 
8 Inches thick, and drab shale (75 per 
cent) 26 

Oolite (50 per cent) and thin-bedded car- 
bonaceous shale (50 per cent); «**"***»!• 
ilshscales S 

Sandstone (10 per cent) and shale (90 per 
cent); some of the sandstone beds are as 
thick as 5 feet and are conglomeratic. . . 60 

Shale, drab; contains a few thin beds of 
sandstone 60 

Shale (90 per cent), in places thin bedded 
and slightly caii>onaceous, and sand- 
stone, in part ripple marked (10 per 
cent) 70 

Sandstone (50 per cent) and gray shale, in 
part clayey (50 per cent); sandstone at 
top Is even bedded and appears per- 
sistent; that in the lower purt is Imgu- 
lar in thickness 100 

Shale, for the most part gray (75 per cent) 
andthin-beddedsandstODe(2Speroent) 800 

Sandstone and shale; sandstone beds are 
massive, tan-colored for the most part 
and cross-bedded; shale in the lower 
part of the member is yellow and la 
similar to Wasatch. At the base of the 
member is a bed of massive sandstone 10 
feet thick with 15 feet of thin-bedded 
sandstone above. These beds are lneg- 
ular in thickness and look like the typi- 
calWasatch 750 

Variegated clays and fBlM ^th sand- 
stone lenses at irreguuErlntervals. 



9.083 2 



Locatkw P, In upper port of Book CUffa north of RiilleoB, Colo., T. 6 S^ R. M W. 



Shale, massive, probably wOI yield con- 
siderable oil; forms at this locality im- 
passable cliff 

Shale, light brown (sample 56; 11.2 gal- 
lons) 

Shale brown, probably richer than that 

of the bed above 

Shale, dark brown (sample 55; 15.4 

gallons) 

Shale^ probably as rich as that above 



Ft. in. 

100± 

15 

100 

13 
20 



Ft. in. 

Sandstone, shaly 10 

Shale, probably fairly rich in ca 85 

Shale, thin bedded; weathers black; 
inclined to be curly <to be oocr»> 
lated with the bed from whioh 
sample 50 was taken; see above). .. 6 

Shale; weathers yellowish; lean 25 

Shale^ dark brown; weathers gray 

(sample 54; 20.7 gaUons) 8 

Talus slope. — 
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Sectiana in northeakern Utah. 



fltel^ thin bedded* iMn to liamn 

BbtM, btfd, dtf k (estfanatod yield, ao 
tflSkma) 

Shale* lean to harm, thin bedded; a 
km rich byefs less than 1 incdi thick 
(DiptecalarvA) 



(sample 
OS; ZU 
gal- 
lons). 



Shale, platy, lean to barm; twoorthree 

ridi beds abont 1 Inch thick 

Shale, thin t«Bdded, rich 

Shale, lean.... ^ 

Saiidg t cDie,pegg me pt 

Shale, lean, thin bedded 

Sliato^ hard, dark brown, 

rich 

Sbateb hard, light brown, 

rich 

SbaK hard, dark brofwn, 

rich 

Shale,sandy(notinsample) 
SbaK hard, dark brown, 

rich 

SbaK hard, li^t brofwn, 

rich 

SbaK hard, dark brown, 

rich 

81iale^dark,toagh. 
Sbale^ dark, piaty. 
Sbale^ hard« dark, 

rich........ 

Shale, soft, dark 

brown. 

Siiale* hard, dark, 

ridi 

Shale, aoft, dark 

brown. 

Siiale* hard, dark, 

ridi 

Shale, soft, dark 

brown. 

Siiale* hard, dark, 

ridi 

Sbale^ thhi bedded, 

Phty 

Shale, rather lean and 

papery.. 2^ 

flbale^ hard, dark brown to black 

(sample 83; 33 gallons) 

Shale, hard, lean, some thin sandstone 

layers 

Shale, hard, rich (samples 58 and 02; 
28 and 18 gallons, respectively) . . . 
Shale, minateiy banded, some rich lay- 
ers (sanqde 61; 10 gallons) 

Shale, lean to barm, with two bands of 

small dark sandstone lenses 

flanditona, hard, guartzltic, persistent. 
Shale* nody, barm; thin beds of sand- 
stone 

Sbala* brown and black, 

rich 

Shale, hard; weathws 



(sample 67, 
from richest 
part of upper 
bench; 90gal- 
loQs. Sam- 
ple 65, from 
whole bed at 
at surface; 
32 gallons.) 

(sample 66 
from whole 

ribed U fwt 
bacdc flrom* 
outcrop; 56 
gallons.) 



(sample 66; 
15 gallons.) 



(sample 60; 
12 gallons). 



Ft fai. 
40 . 

1 



155 
1 

86 

1 

6 

5 

4 

1 10 

2 1 
6 

2 

8 

10 

8 
1 4 
1 5 

n 

3 
3 
5 
3i 
10 

1 6 
4 2 

2 
4 8 

3 10 
8 11 
6 7 

4 
5 

3 1 

7 



(sample 74; 
82 gallons). 



(sample 73; 
6 gallons). < 



Temfle awiteh aad Drafon, Utah. 



Shale, sandy; weathers greenish gray; 

lean to barren 

Shale, hard (sample 50; 9 galloxis) 

Sandstone, rough, coarse, containing 
asphalt; top and bottom surHaces ir- 
regular, with shale conforming to the 

irregularities 

Shale .' 

Sandstone, persistent 

Shale, lean, sandy, gray t^ reddish, 
with several thin Layers of sandstone. 

Shale, hard, rich 

Shale, soft 

Shale* hard, rich , 

Sandstone 

Shale, hard 

Sandstone (not included 

in sample) 

Shale, hard 

Sandstone, persistent (not 

included in sample) 

Shale, hard. 

Shale, clajrey 

Shale, hard, mostly lean, 
with thin beds of richer 

shale 

Sandstone, persistent 

Shale, hard, rteh 

Sandstone 

Shale, hard, rich. 

Sandstone 

Shale, hard, rich 

Sandstone 

Shale, hard, dark (sample 71; 7 gal 

Ions) 

Sandstone, persistent 

Shale, hard, rich tol 

lean 

Horison of sandstone 
lenses, none of which 
came where sample was 
taken. 

Shale, hard, rich 

Sandstone 

Shale, probably, lean. 

Sandstone, bearing 

gypsum (not in' 

eluded in sample) . . . 

Shale, hard, dark, 

rich; some gypsum 

near top 

Shale, with consider 

able gypsum 

Shale, vwy dark 

brown, rich 

Sandstone, brownish, shaly 

Shale, papery, lean 

Shale, rich; weathers blue 

Shale, sandy, and barren shaly sand 

stone 

Shale, rich, papery 

Shale, sandy, barren 

Sandstone, brown, masBlv^ 



(sample 72; 
7 gallons). 



(sample 70; 
14 gallons). 



(sample 69; 
19 gallons). 



Ft. hK 

2 
1 



1 10 
7 

8 

13 8 

2 



2 
1 




9 
3 

n 

7 

2 

11 

5 



1 6 
3 

2 9 
1 

11 

1 

2 6 
2 

7 
6 

3 8 



23 
1 



10 



17 



6 
1 

7 



1 10 
4 



5 

6 
6 


6 
6 
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Sectioru in northeattem Utah — Contmiied. 

Location Q, along BmcnatioB Creek between Temple ewltcli mad DnflBB. Utili OoPtlBned. 



Shale, lean to barren 

Sandstone, massive, ledge making 

Sandstone, brownish, shaly 

Shale, forming ledge, lean to rich. . 

Shale, papery, lean to barren 

Shale* hard, rich. 

Shale, sandy, lean to barren; two or 

three sandstone ledges less than 1 foot 

thick 

Shale, papery; numerous thin blue 

rich bands T 

Shale, barren, with several brownish 

sandstone layers 2 to 4 inches thick.. 
Shalei weathers bluish; rich, ledge 

forming 

Shale; weathers bluish; barren 

Sandstone, light brown 

Shale; weathers bluish; barren 

Sandstone, light brown 

Shale; weathers bluish; barren 

Sandstone, light brown 

Shale; weathers bluish; barren 

Sandstone, massive 

Sandstone, gray, shaly 

Sandstone, 3rellowish brown, not well 

cemented 

Shale, gray 

Sandstone 

Shale, gray 

Sandstone 

Shale, drab 

Oolite 

Shale, drab 

Oolite 

Shale, gray 

Oolite 

Shale, gray 

Sandstone, massive cross-bedded 

Shale, drab 

Sandstone, massive 

Shale, gray and drab 

Sandstone, resistant 

Shale, drab 

Sandstone, massive 



Ft. in. 
2 6 



6 

50 

4 

4 



14 
6 



4 
23 





6 

8 



43 

7 

20 




7 

6 

6 
8 
1 3 



2 
3 

48 
35 

4 

7 

2 
13 

6 
42 

2 

4 

3 10 
14 6 



6 










4 









8 6 

28 

10 







Shale, drab 

Sandstone, poorly cemented 

Shale, drab to green 

Oolite, much distorted. 

Shale, gray 

Oolite, much distorted 

Shale, sandy 

Oolite 

Sandstone, massive 

OoUte 

Sandstone, massive for the most part; 
some oolitic members near base 

-Shale, drab; upper surface very irregu- 
lar 

Sandstone, massive 

Sandstone, shaly 

Shale, gray, sandy 

Sandstone, yellow, missive 

Shale, gray, sandy 

Sandstone, massive 

Shale, drab 

Sandstone, massive 

Shale, drab to dark, sandy and ooner^ 
tionary 

Shale, pi aty, gray and drab 

Oolite 

Sandstone, finely cross-bedded, poorly 
cemented. 

Oolite 

Sandstone, massive 

Shale, drab, sandy. 

Sandstone, massive 

Shale, drab 

Sandstone, massive 

Shale, gray and drab 

Sandstone, minutely cross-bedded 

Shale, gray and drab 

Oolitic sandstone, forming ledge; lower 
4 inches conglomeratic and may well 
be considered basal member at Green 
River 

Sandstone, yellow, poorly cemented .... 

Shales, red and green, nndoubtedly- 
Wasatch. 



Ft. In. 
11 



4 
17 
2 
1 
8 
19 
8 
7 
1 



4 

8 

18 

7 

6 

17 

S 

2 

14 



1 
8 
8 

101 

07 



Location R, north aide of Saddle Poet Canyon, eec. 22, T. 11 S., R. 2B B. 



Shale, hard, rich, 1 

weathers papery I (sample 76; 

Shale, rather soft, white|31 gallons). 

on surface, platy J 

Shale, hard, rich I(sample76;f 

Shale, white, platy 35 gallons). 

Shale, hard, rich J^'k^* ;.| 

Shale, lean to rich; weathers pa- 
pery 

Shale, lean; weathers white and platy.. 
Shale, rich; weathers papery 



Ft. in. 

2 11 

1 7 

10 



9 



1 
1 



6 
8 
6} 



6 

8 

6 



2 



<U 







6 







5 • 
U 



6 

10 

2 

S 10 



6 
8 


8 




1 4 

» 



1,806 10| 



Ft. In. 

Shale, lean; weathers white and platy . . 9 4 

Shales hard, rich. 10 

Shale,lean 12 

Shale, hard, ridi 4 

Shale, lean, platy 4 8 

Sandstone, perdstent, quartsitlo (iden- 
tical with 5-inch sandstone at location 

Q; seep. 183) 5 



80 H 
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Sections in northeastern Utah — Continued. 
LoaUkm S, sec. 24, T. 11 S^ R. 25 E. 



Ft. 

ftrndstons 

Shale, lean, sandy 20 

Shales rich 

Shale, lean 6 

Sliale»rich 1 

Shale, lean to barren 6 

Sandstone 

Shale, lean 4 

Sliato^rich 

Shale, lean 4 

8liale»rich 

Shale, lean, papery 1 

8liale»ridi i { 3 

Shale, soft 

Sbale, rich 

Shale, soft 

Sbatabrich 



(sample 78;l 
48 giJlans).] 



In. 
8 

3 

6 
6 
5 
6 
8 


10 
6 
6 
2 
4 
7 
8 



Shale, lean 

Shale, rich 

Shale, rich, and papery shale 

Shale, medium rich 

Shale, rich, hard 

Shalo, lean 

Shale, medium rich 

Shale, lean 

Sandstone, ferruginous 

Shale, lean to barren 

Shale, hard , rich 

Shale, lean to barren 

Sandstone, coarse, asphaltic (same as 22- 
inch asphaltic sandstcme at location Q; 
seep. 183) 



Ft. 
2 
1 
4 
3 



4 
9 
4 



Locatloa T, oo north aide of HeHa Hole Canyon, sec. 22, T. 10 S., R. 25 E. 



Ft. in. 

Sbale, platy, sandy, lean to barren 15 

Shale, mostly lean, with rich beds too 

thintoaample 11 

1 11 
3 2 
2 



(sample 91; 
29 gallons). 



(sample 86, 
of whole 
bed, 37 gal- 
loos; sam- 
ple 87, of 
parts of 
bed mark- 
ed "A," 54 
gallons; 
sample 88, 
of parts of 
bed mark- 
ed "B," 25 
gallons) . . . 



Shale, thin, platy. 

Shale, hard, rich.. 

Shale, lean 

Sandstone, persistent 

Shale, lean, platy, containing cme 6-inch 
bed of ridi shale 6 

Shale^ hard, Tery rich 3 

Shale, very sandy, lean. 

Shale^hard, rich (sample 90; 45 gal- 
loos) 4 

Shale,hard i, i «i f 1 

Sh^«M ^T^n i 1 

81i«to,li«d,rIch....J "«^<^H I 
Shale, lean to bturen 1 

Shale, rich (A) 

Shale, soft (B) 

Shale, rich (A) 

Shale, soft (B) 

Shale, rich (A) 

Shale, soft (B) 

Shale, rich (A) 

Shale, soft (B) 

Sandstone (discarded) 

Shale, soft (B) 

Shale, rich(A) 

Shale, soft (B) 

Shale, rich (A) 

Shale, soft (B) 

Shale, rich (A) 

Shale, lean 1 

Shale, hard, rich (sample 85 ; 22 gallons). 1 
Shale, lean mostly, with rich lajrers too 
thintoaample 7 6 

Shale, hard, rich (sample 84 ; 21 gal- 
lons) 7 8 

Shale, hard, lean to rich, cliff form- 
ing 7 4 

Sandstone, asphaltic 3 

Sandstone, coarse 11 

43768^— Bull. 641—17 13 



1 
5 

5 

2 

11 

8 
3 
4 
5 
9 
1 

li 
3J 

i 
1 
5 
7 
1 
6 
1 
2 

5 

li 
8 

8 



(sample 83; 
8 gallons). 



Shale, hard 

Sandstone 

Shale, hard, rich 

Shale, hard, richest in upper 2 feet 

(sample 82; 20 gallons) 

Sandstone, asphaltic, variable in thick- 
ness (same as 22-inch asphaltic sand- 
stone at location Q, seep. 183) 

Shale, hard, rich (sample 81 ; 24 gallons). 

Sandstone 

Shale, sandy, platy, lean to barren 

Shale, rich 

Shale, lean to barren, sandy 

Shale, rich. 

Shale, lean to barren 

Sandstone 

Shale, gray, lean to barren 

Shale, hard, rich 

Shale, gray, lean to barren 

Shale, alternating 
hard and soft layers. . 

Shale, soft 

Shale, alternating 
hard and soft layers. . 

Shale, lean 

Shale, rich 

Shale, papery, or sandy and platy, lean. 

Shale, rich. 

Shale, sandy, platy, lean to barren 

Shale, rich. 

Shale, barren 

Shale, hard, rich 

Shale, platy, barren 

Shale, hard, rich 

Shale, for the most part gray and lean, 
but a few rich layers le^ than 1 inch 

thick 

Shale, papery, lean 

Shalo, platy, lean 

Shale, hard, rich 

Shalo, sandy, barren 

Shale, hard, rich 



1 
1 



28 



18 



(sample 80; 
33 gallons). 



1 
5 

34 

37 



85 
8 
3 



hL 




2 



5 
6 
6 




91 



Ft. in. 
1 
1 
2 11 

6 



4 
11 
1 

3 

2 4 
2 

2 6 

1 

6 

2 

10 



2 4 

1 



3 

1 


10 


10 
6 
1 

2 





6 
3 

2 
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Sections in northeastern Utah — Continued. 

Location T, on BorUi aide of Hello Hole Quitoii, see. 21, T. 10 S.» B. 28 B«^}oiltliil»d. 

Ft. in. 

Sbale, thin, platy, lean to barren 30 

Oolite 6 

Bbale, papery, lean 8 8 

Shale, hard, rich. IJ 

Shale, barren 6 

Shale, hard, rich. 2 

Shale, thin, platy, barren 16 

Oolite 4 

Shale, thin, platy, barren 1 3 

Sandstone 7 

Shale, thin, platy, barren 16 

Cherty layers, distorted, concretianary . . 1 

Oolite, conglomerate at base 3 4 

Shale, gray and drab, barren 3 4 

Sandstone 8 

Shale, gray and drab, barren 1 10 

Sandstone, concretioDary 3 6 

Shale, gray and drab, barren 20 

Sandstone, with oolitic bands 4 

Oolite 3 9 

Shale, gray and drab, barren 23 

Oolite, top distorted and sandy 3 

Sandstone, oolitic 5 

Shale,gray 28 

Sandstone, shaly 15 

Sandstone, massiye 4 

Shale, barren, gray, sandy 18 6 

Oolite 3 6 

Shale, barren, gray sandy 10 

Oolite 2 

Sandstone 2 

Shale, barren, gray, sandy 65 

Oolite 1 



Ft in. 

Sandstone 8 

Shale, gray, lean to barren 19 

Oolite 6 

Sandstone, twisted and defonned. 1 10 

Oolite 6 6 

Shale, gray to drab, barren 19 

Sandstone, massive, yellow 13 6 

Shale.gray 5 

Oolitic sandstone 4 

8hale,sandy 18 

Sandstone, massive, yeUow, croaa- 

bedded 10 6 

Shales, gray and drab, barren 45 

Sandstone, mostly yellow and massive, 

but with two somewhat shaly xanes. . 41 

Shale, sandy, barren 21 

Shale, rich 6 

Shale, gray and drab, barren 85 

Sandstone and baiien, sandy shale 87 

Shale, largely masked, mostly drab, 
papery, with sandy cones; not suffi- 
ciently cemented to form ledges 96 

Sandstone, coarse, yellow i lo 

Shale, lean to barren, papery 7 

Sandstone, yellowish 6 

Shale, soft, sandy (sample 79; 1 gallon). . 4 1 

Sandstone 8 

Shale, masked, but for the most part 

a barren greenish shale 28 

Sandstone, yellowish brown, poorly 

cemented lo 

Shales , red and green (Wasatdi). 

1,047 5 



The following stratigraphic sections were measured in southwest- 
ern Wyoming and show the general character of the Green River 
formation in the southern parts of the Green River and Southern 
Red Desert basins: 

Sections of parts ofQreen River formation in southwestern Wyoming, 



T. 14 N^ R. 99 W. 



Sandstone, coarse grained, not massive. . 

Sandstone, containing fossfl shells 

Sandstone, coarse grained, thin bedded. . 

Covered, probably sandy shale 

Sandstone, coarse 

Covered, mostly shale 

Shale, papery, drab, lean 

Shale, thin, barren and sandstone 

Shale, drab, thin, lean 

Shale, thin, drab, barren 

Shale, thin, lean 

Sandstone, concretionary 

Shale, thin, lean 

Oolite and chert 



Ft. 


in. 


50 







4 


10 





35 





8 





30 





5 





73 





3 





20 





30 





1 





14 











Ft. in. 
14 6 



(sample 
> 92; 80 • 
gallQiH). 



Shale, thin bedded, lean. 

Shale, thin bedded; weatheni 

blue; rich 

Shale, gray, sandy (not in- 
cluded in sample) 

Sandstone, yellow (not in- 
cluded in sample) 

Shale, thin bedded; weathen 

blue; rich 

Shale, yellow, sandy S8 

Shale, papery, lean 10 

Shale, drab, fissile 10 

Sandstone, concretiooaiy 1 

Shale, drab, papery U 



2 



1 7 









e 
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Sectiona of parts ofChreen River formation in sovJthwesUm Wyoming — Gantinued. 

T. 14 N^ B. 99 W.-Oontinaed. 



Ft. in. 

Ooitte 6 

Shale, diBb, papery 10 

Saiidstaiie, (x^tie 4 

Shale, dnb, flasfle 12 6 

Sandstaae, micBoeoas 1 

Sandstone, yeflowfah 3 

Shale, dxab, thin saodstoneleQaes 3d 



Ft. In. 

Sandstone, sbaly, yellowish 1 

Shale, drab, papery, barren 5 

Sandstone, shaly, yellowish 1 6 

Shale, greenish diab 37 

Maroon clay shale (probably Wasatch). 

489 10 



T. 18 N., R. 108 W. 



Ft. in. 
Sandstone, fcrmginous, containing fossil 

shells. 6 

Shale and sandstone 500^: 



Shale, thin, brown. 

Shale, thin, brown (sample 100; 3 gal- 
lons) 

Shale, thin, brown 

Sbatab hard, black, rldu. . 

Shale, brown, soft 

Bbatab hard, black, rich... (sample 

Shale, brown, soft 09; 10 < 

Sliali^ hard, black, rich... gallons). 

Shale, brown, soft 

Sliali^ hard, blaok« ilcb.. . 



5± 

6 
3 




6 

\ 

5 

1 
8 
3 
8 
8 



Ft. hL 



Shale, light brown, lean (sample 98; 3 
gallons) 

Interval 

Shale, lean (7) 

Shale, dark brown (sample 05; 13 gallons) 

Shale, thin bedded, tough 

Shale, thin bedded, tough (sample 96; 
4 gaJlons) 

Shale, thin bedded, tough 

Shale, massive, I ight brown 

Shale, massive, light brown (sample 97; 
Ogidlons) 

Shale, lean. 



5 





25 





10± 




1 5 





10 


6 


5 


4 


3 


6 


3 


6 


4 


10 



586 111 



Sec 27. T. 17 N., R. 106 W. 



Ft. in. 

Sbale,drab 46 

Sandstone, i^aty 16 

8hale,lean 33 

Sandstone, brown, platy 7 

Shale, hard, not so rich 34 

Shale, hard, thin, platya (sample 118;- 

MgaUons) 6 6 

Sbale, hard, dark a 3 3 

BlialSb hard, dark, richa (sample 

U7; 19 gallons) 8 1 

Shale, weathers to thin i>late8; part of 

number will yield small amount of oil.. 130 



Ft. 
Ck>yered, mostly light-colored shale or clay 75 

Clay, mostly gray, with some red 80 

Clay, gray, yellow, green, and red, with 
beds of yellow sandstone. All beds 
very lenticular. A 40-foot bed of mas- 
sive sandstone at one place splits and 
within 100 yards along its outer top is 
represented by variegated clay beds, 
with a few thin sandstones 75 



in. 




479 10 



Sees. 17 and 19, T. 17 N., R. 106 W. 



Ft. in. 
Sandstone, massive, brown, coarse (Tower 

sandstone of Powell) 125 

Sandstone, thin bedded 36 

Shale, papery, gray 35 

Smdstone, shaly, gray — 33 

Shale, sandy, lean. 65 

Shale, hard; oontahis fish remahis (sample 

130; 14 gallons) 5 

Shale,lean. 30 

Shale, thin with iMiaes of very rich waxy 

shale 55 

Shale, bard. 15 

Shale, hard (san^le 119; 13 gallons) 6 

Shale, hard, lean 13 

Shale, gray, sandy 30 

Shale, hard, ridi 1 

Shale, gray, sandy, thin sandstones, and a 

fiwltoSinohbedsofridishale 90 











4 



Ft. in. 



Shale, hard, thin, medium rich 

Shale, barren 

Shale, medium, with large gypsum crys- 
tals 

Shale, thin, barren 

Shale, medium, with gypsom crystals . . . 

Shale, gray, sandy 

Shale, medium, with gypsum crystals. . . 

Shale, hard, rich 

Sandstone, thin, gray 

Shale, hard, rich 

Shale, gray, sandy 

Shale, hard, rich 

Shale, thin, gray, sandy 

Shale, hard, rich 

Shale, sandy 

Sandstone , gray 

Shale, sandy, greenish 



1 


6 


15 





1 


6 


80 







8 


26 





1 


6 




10 


8 







10 


17 







3 


9 


3 







118 





4 





6 






a ftobaUy flune aooeMlowQr 23 feet8inche8of section measured in sees. 17 and 19 of this township. 
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Sections of parts of Green River formation in southwestern Wyoming — Continued. 

Sees. 17 and 19, T. 17 N., R. 106 W.— Continued. 



Sandstone, grey, thin bedded 

Shale, sandy, green 

Shale, sandy, thin bedded, grey 

Sandstone and shale, green, in beds 2 feet 
thick; sandstone, ooncrationary 

Shale, sandy, gray, slope 

Sandstone, massive, cross-bedded, form- 
ing ledge and capping hill 

Shale, forming slope 

Sandstone, rether massive, forming ledge . 

Shale, soft, thin, platy, barren 

Shale, medium hard, rather thin, very 
lean 

Shale, medium hard (sample 116; 4 gal- 
lons) 

Shale, sandy, lean to barren 

Shale, medium hard, very lean 

Shale, lean 

Sandstone, brown, persistent 

Shale, lean 

Shale, hard to medium hard (sample 115; 
9 gallons) 



Ft. 


In. 


1 





27 





21 





68 





97 





5 





43 





10 





30 





4 


11 


4 


10 


70 





10 





4 


6 




8 


3 


6 



4 6 



Ft. in. 

Shale, lean to barren 75dt 

Shaly sandstone, barren 15 

Shale, sandy, forming slope, lean 47 

Shale, hard (sample 114, lower 4^ feet; 11 

gallons) 

Shale, hard (sample 113; 10 gallons) 

Shale, hard 

Sandstone 

Shale, &irly soft, thin 

bedded 

Shale, hard 

Shale, hard, rich (sample 111; 19 

gallons) 

Shale, hard, rich (sample 110; 19 

gall<His) 

Shale, soft 

Shale^ hard, rich. 

Shale, soft 

Shale, hard, rkh 



(sample 112; 
9gaUons). 



6 
5 
1 



2 
1 



5 4 



6 



(sample 109; 
11 gallons). 



3 
7 
6 
6 
3 



1,M0 10 



Ahmc BittM* Creek, T. 18 S^ B. 107 W. 

Ft. in. 
Sandstone, massive, brown 135 



(sample 128; 
7 gallons). 



Shale, lean to barren 3 

Shale, hard 6 

Sandstone, brown, massive 1 

Shale, lean to rich 1 

Sandstone, brown, massive 5 

Shale,lean, papery 11 

Sandstone 

Shale, hard, rich 

Sandstone 

Shale, hard, dark 

Shale, brown, tough 

Shale, hard, ridi, dark J ' Ka"o°»^ [ i 

Sandstone 

Shale, hard, rich 2 

Shale^ hard, rich (sample 127; 18 gal- 
lons) 6 

Sandstone 

Shale, hard, rich 6 

Sandstone, hard, massive 

Shale, hard, gray, sandy, lean to barren. 13 

Shale, soft, greeidsh, lean 15 

Partly masked, barren grey shale and 
sandstone, with some lean papery shale. 55 

Sandstone, platy 2 

Shale, lean, soft 2 

















2 

6 

3 

8 

4 
4 

3 

6 

3 
6 
2 
6 





6 



Shale, greenish grey 

Sandstone, thin bedded 

Covered, mostly barren grey sttidy shale, 
with a few ledges of grey shaly sand- 
stone 

Sandstone, platy 

Shale, greenish 

Covered; mostly barren gray sandy shale, 
with a few ledges of gray shaly sand- 
stone 

Shale; weathers pai>ery*i 

Sandstone 

Shale; weathers papery 

Shale, grey, sandy, with layers of shaly 
sandstone 

Shale, greenish 

Shale, grey, sandy, with layers of shaly 
sandstone 

Shale, greenish, with brown sandstone 
lentils 

Sandstone, brown, with some clay shale. 

Sandstone, thin, platy 

Sandy shale and shaly sandstone, grey, 
barren 



Ft. hi. 
21 6 
11 



128 
8 
7 



no 

1 



21 
20 




6 
6 







17 



20 
35 

4 









85 



756 6 



White Moimtaiii, 



S6, T. 19 N., B. 106 W. 



Sandstone, brown, coarse (tower sand- 
stone of Powell) 

Shale, gray, sandy, and shaly sandstone, 
with three beds of rich shale each 3 
inches thick in lower part 

Shale (estimated yield, 12 to 15 gallons). . 

Shale, gray, sandy, and thin sandstone 
wHh two or three 1-inch beds of rich 

sbaJe 

Sandstone, gray, ripple marked 



Ft. in. 
245 



265 
3 



37 
1 



Ft. 
22 
2 



Shale, sandy, gray, and shaly sandstooe. 

Sandstone, shaly, yellow /. .. 

Shale, sandy, and clay, with a few thin 
sandstone beds; color predominantly 

white 133 

Sandstooe, green, shaly 83 

Shale, gray, sandy, and thin sandstone . . 58 
Shale, green, sandy, and green sandstone. 17 

Shale, greenish drab, sandy 85 

\ Ban^ane,e\^V^,ciOB»-^wi^!Qn^Vsc<firo.. 2 



in. 
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Sedunu of parU of Green River formalwn in southuoestem Wyoming — Continued. 



Wlilte MtfuntaiB, see. M, T. 19 N., R. 106 W.-Oontinued. 



flbBle, drab, sandy 

Bandstone, ferroginoua 

flbBle, aandy, gray-green, and shaly sand- 

fltooe 

Sindstooe, shaly 

filMtey PApsTTf loan, with 3-faich beds of 

ridi Bhale and some thhi beds of sand- 



Ft. 
95 



76 
3 



87 



Sandstone, with clay balls...! 

Su^> P^Hperjt loan 26 



in. 










6 




Ft. 

Shale, sandy, gray 24 

2 

8 

40 



Sandstone, shaly, gray, foasiliferous 

Shale, carbonaceous 

Clay, sandy, gray 

Sandstone, coarse, gray, possibly base of 

Oreen lUver fonnaticn 1 

Clay, somewhat sandy, gray 55 

Shale, clay, variegated, red at top 33 

Sandstone, yellowish green, friable 80 



hL 













1,331 10 



V^Mdl Butte. 



Bandstone, shaly 

Sandstone, coarse, brown 

Shale* hard, rich, dark; weathers 
blue (sample 131 ; 50 gallons) 

Sandstone, shaly 

Shmle, hard, rich; weathers blue.... 

Alternating bands of coarse sandstone 
and shale 

Sandstone, cherty 

Shale, lean, chalky, thin bedded 

Sandstone, reddish brown 

Shale, lean, chal ky , thhi bedded 

Sandstone, masslYe 

Chalk 

Sandstone, massive, yellow. 

Shale 

Sandstone, gray (discarded). 

Shale, hard, light brown 

Sandstone, light brown (dis- 
carded) 

Shale* hard, brown, rich; 
weathers blue 

Sandstone, yellow 

Shales hard, brown, rich; 
blue 



Ft. in. 

96 

3 

2 
7 
1 



8 
15 

2 

8 

3 



(sample 
I30;10ga]- 
lons). 




10 

8 
6 
6 
3 
2 
10 
5 
7 



1 
\ 

11 



Ft. 



Shale, white, chalky \ 

Shale, hard, brown Ksample 

Shale, white, chalky; oon-|l29; 8 gal- 
tains abundant fish re- lions). 

mafais 1 I 1 

Shale, lean, thin bedded 18 

Sandstone, drab 10 

Shale, sandy 6 

Sandstone, coarse 05 



hi. 
10 

6 



2 







250 11 



STBIJCrXTBE. 

Northwestern Colorado and northeastern Utah. — ^The Uinta Basin is 
a broad, shallow syncline whose central portion is occupied by the 
Green River and younger formations. The Green River becis are 
only slightly tilted at most plac^es aroimd the margin of the basin, but* 
the older formations dip at much greater angles only a few miles 
beyond the limits of the Green River formation. The Douglas anti- 
cline, which extends southward from Rangely, brings up the Mesa- 
verde and Wasatch formations and perhaps entirely separates the 
mean Colorado area of the Green River formation from the much 
larger area in northeastern Utah| and it is almost certain that 
the areas of oil-yielding shale are completely separated. Although 
the Green River formation dips sharply (maximum observed dip 
28^) toward the interior of the basin at its margin along the north 
and east sides of the Colorado area, the dip decreases very rapidly. 
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80 that a few miles back of the margin the shale is horizoatal or dips 
only alightly. 

SmaU faults were observed at a few places, although it is probable 
that the broad movement which produced the great synclinal struc- 
ture gave rise to fracture zones or cracls and faults at many other 
places. The great veins of gilsonite in the vicinity of Dragon, Utah, 
are cracks filled with the asphaltic material. West of the Petrollte 
Hills, in the eastern part of the area studied, a fracture zone cutting 
the Green River formation is filled with a very light yellowish-brown 
hydrocarbon (specific gravity 1 .06) which does not answer the descrip- 
tion of any of the ordinary asphaltites. The deposit may not be 
sufficiently extensive to be of economic importance, but it is of con- 
siderable scientific interest. The fracture zone in which the material 
is found is 2 or 3 feet wide and has been traced for several miles in a 






wreet 

utbe mooth «t Tallow Cnak, 



general northwest-southeast direction. Several small prospects have 
been opened along it. 

On Yellow Creek, sec. 15, T. 2 N., R. 99 W., a heavy brown sand- 
stone rests on a very irregular surface, and the shale beneath (A, 
fig. 14) is very much distorted, exhibiting in places very definitely 
overturned folds, as well as faults on a small scale. It is nol at all 
impossible that the brown sandstone marks the base of a formation 
which should be separated from that below, but in this paper it is 
included in the upper part of the Green River formation. The 
massive Bandstone appears to fill channels, yet the distorted condi- 
tion of the shale beneath would surest that the shale was still in a 
plastic condition after the deposition of part of the sand and that the 
sand settled unevenly, giving rise to the many peculiar forms which 
are exhibited in the shale beds beneath. After this settling the 
deposition of sand was continued over the edges of the portions of 
tbo sand which had been displaced. This appears to represent a 
change in conditions of deposition which may have more than local 
importance. 



t 
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'Southwestern Wyoming. — ^That part of southwestern Wyoming (see 
Pl% X) lying between the Uinta Mountains on the south and the 
Wind River Mountains on the north is in a broad structural basin 
which is separated into several smaller basins by north-south uplifts. 
Oil-yielding shale is present in three distinct areas; the central area, 
to which the name Green River basin is appUed, is by far the largest. 
The Rock Springs uplift, on the east, described by Schultz,* and 
related features near the Colorado-Wyoming State line, to the south- 
east, separate the main area from the much smaller Southern Red 
Desert Basin, only the rim of which is shown on Plate XIX (in pocket). 
On the west the Green River basin is separated from the area of the 
Grreen River formation in the vicinity of FossH, described by Veatch ^ 
as the Fossil syndine, by an anticlinal fold which the same author 
called the Meridian anticline. 

Beds of the Green River formation are only slightly tilted in any 
part of the area shown on Plate XIX. Along the western rim of the 
Southern Red Desert Basin the oil shale at its outcrop dips as much 
as 11° NE., but it flattens rapidly toward the center of the basin. 
Along the east and west sides of the main Green River basin the 
oil-yielding shale shows dips not exceeding 3° or 4°, but in some places 
along the north flanks of the Uinta Mountains the beds of the Green 
River formation are tilted at greater angles. The oil shale of the 
iFossil syncline is practically horizontal at every point examined. 

Faults in the Green River shale were noted in only one area, but 
they may be present at many other places within the area here de- 
scribed. West of Green River, near the center of T. 15 N., R. 108 W., 
there is an area perhaps half a mile wide and extending an unknown 
distance to the west, where the rocks are crumpled and cut by east- 
west trending faults. On both sides of this distiu'bed zone the strata 
are apparently imaffected. 

The channel sandstone of Lee,' which is the Tower sandstone of 
Powell,* forms vertical cliffs in the vicinity of Green River, Wyo., 
where it rests on an irregular surface of shale and is itself very much 
distorted, whereas the shale beneath is not deformed. 

BIBIilOGRAPHT. 

The literature of oil shale is confined largely to reports dealing with 
the shale of foreign countries, very Uttlo having been published on 
that of the United States. The reports that treat of the methods of 

1 Behnlts, A. B., Thesouthem part of the Rock Spring coal field, Sweetwater County, Wjro.: U. S. Qool. 
Borrej BoU. 381, pp. 218-220, 1910. 

* V«Btcdi» A. C, Oeography and geology of a portion of southwestern Wyoming, with special reference to 
eoalaod oil: U. 8. Geol. Survey ProL Paper 56, pp. 108-110, 1907. 

* Lee, W. T., and others. Guidebook of the western United States, Part B, The Overland Boute: U. S. 
OeoL Survey Bull. 612, p. 74, 1915. 

* Powell, J. W., Geology of the eastern portion of the Uinta Mountains, pp. 40, 45, U. S. Geol. and Geog. 
Survey Terr., 2d dlv., 1876. 
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mining and distilling oil shale in Scotland, France, and New South 
Wales are especially interesting and instructive in view of the probable 
development in the near future of an oil-shale^industry in the United 
States. The following list of reports includes a large number of 
rather extensive articles on oil shale of different localities, as well as 
numerous brief notes on the occurrence of shale in more or less isolated 
areas. The list includes most of the important reports that have 
been published. 

Allen, A. H., On the relative proportions of olefines in shale and petroleum products: 
Analyst, vol. 6, pp. 177-180, 1881. 

Anderson, F. M., Oil shales of Elko, Nev.: Am. Inst. Min. Eng. Bull., 1914, pp. 
1402-1403. Notes great percentage of organic matter in oil shale from Elko, Nev. 
States that no bitumen can be extracted by solvents such as chloroform and ether. 

Anderson, G., Description of the bituminous rocks which occur in Roesnahire and in 
the neighborhood of Inverness: Edinburgh Jour. Sci., vol. 4, pp. 9^-95, 1826. 
Brief note only. 

On the occurrence of a bituminous substance near Moimtgerald (Scotland): 

London Geol. Soc. Quart. Joiur., vol. 19, p. 522, 1863. Brief mention of oil shale 
near Mountgerald (Scotland). 

Andra, C. J. [Fossil fuel from New South Wales (kerosene shale)]: Naturhist Ver. 
preuss. Eheinl. Verb., vol. 32, Sitzungsber., p. 5, 1875. Gives results of distilla- 
tion of sample of kerosene shale sent from Sydney, New South Wales. 

Aron, a.. Note siu: Tindustrie frangaise des schistes bitumineux: Annales des mines, 
10th ser., vol. 9, pp. 47-75, 1906. Discusses oil-shale industry of France, giving 
statistics of production, 1893-1904. Also gives relation of French to Scotcl^A 
retorting practice as regards results obtained. 

Atkinson, A. A., Reports of chief inspector of coal and [kerosene] shale mines: New 
South Wales Dept. Mnes Ann. Repts. for 1897-1910, 1898-1914. Statistics of shale 
production in New South Wales in tons of shale mined and value for each yield 
from 1865 to date. 

Baker, O. H., Australian kerosene shale — ^notes preparation being made to work the 
New South Wales deposits: U.*S. Cons. Kept. 333, pp. 107, 108, 1908. 

Ball, L. C, Tertiary oil shales of Baffle Creek, Port Curtis district, Australia: Queens- 
land Govt. Min. Jour., vol. 15, pp. 19-25, 1914. Describes occurrence of oil shale 
and gives a few tests of the shale. 

Tertiary oil shales of the Narrows-Port Curtis district, Australia: Queensland 

Govt. Min. Jour., vol. 15, pp. 73-76, 1914. Describes occiirrence and mining 
possibilities of oil shales. 

Oil-shale industry, an introduction to a report on the oil shales of Lowmead 



now being prepared: Queensland Govt. Min. Jour., vol. 16, pp. 608-616, 1915. 

Good description of geographic distribution of oil shales, with notes on their origin, 

characteristics, treatment, and products. 
Baskerville, C, Economic possibilities of American oil shales: Eng. and Min. Jour., 

vol. 88, pp. 149-154, 195-199, 1909. Gives history of oil-shale industry (especially 

American) ; discusses methods of mining and treatment in the light of the practice 

in Scotland. 
Oil shales of Canada: Cong, intemat. chim. appl. compt. rend., 7th seiB., vol. 

4, pp. 22-31, 1910. 
American oil shales: Jour. Ind. and Eng. Chemistry, vol. 6, p. 73, 1913. Men- 



tions oil shales in Nevada, Montana, and California. 



OIL SHALE IN NOBTHWESTERN COLORADO. 193 

Baskerville, C, and Hamor, W. A., Oil shales of America: Jour. Ind. and Eng. 

Chemiptry, vol. 1, pp. 607-611, 1909. Gives history of oil-shale industry and 

describes the occiirrence and tests of Canadian oil shales. 
Bbilbt, George, On the production of ammonia from the nitrogen of minerals: Soc. 

Chem. Ind. Jour. , vol. 3, pp. 216-224, 1884. Describee shale-distilling retorts and 

discusses nitrogen obtained from oil shale. 
BxiLBT, G. T., The production of ammonia from nitrogen of minerals: Soc. Arts Jour., 

vol. 33, pp. 313-320, 1885. 
The nitrogen of crude petroleum and paraffin oils: Soc. Chem. Ind. Jour., vol. 

10, p. 120, 1891. Note on nitrogen obtained from Scottish shale oil. 

Thirty years of progress in the shale-oil industry: Soc. Chem. Ind. Jour., vol. 



16, pp. 876-886, 1897. Discusses evolution of modem shale still and ammonia 

Bcrubber, with tables of cost. 
Bbbthier, p.. Analyse de quelques minerals de bitume (de France): Annales des 

mines, 3d ser., vol. 13, pp. 605-616, 1838. 
Analyse des schistes bitumineux d'Autun: Annales des mines, 3d ser., vol. 13, 

pp. 616-618, 1839. 
BI.AKS, G. 8., Oil shale from Natal (analysis): Imp. Inst. Bull., vol. 1, pp. 74-76, 

1903. Thin shale between coal beds yields less than 1 gallon of oil per ton. 
BouROOT, , Note sur le gisement des schistes bitimiineux k impressions de v6g€- 

taux de Mdnat; sur la chaleiur prdsumable d'un dyke basaltique, non venu au 

jour, au point oh une partie de ces schistes a 6t6 transformi^ en tripoli par la 

chaleur souterraine; considerations g^^rales sur ce sujet: Soc. g^l. France Bull., 

2d ser., vol. 8, pp. 39-44, 1850. 
BsANNER, J. C, The oil-bearing shales of the coast of Brazil: Am. Inst. Min. Eng. 

Trans., vol. 30, pp. 537-55^, map, 1901. Describes the occurrence of Eocene oil 

flhales along the east coast. 
Bbown, J. F. K., The working of South African oil shales: South African Min. Join*., 

Yol. 9, pt. 1, pp. 352, 396, 1911. Likens oil shales of Transvaal to carbopaceous 

■hale and concludes that there is little chance of their development. 
— — Oil-shale mining: Petroleum World, vol. 11, pp. 164-168, 1914. Good general 

diflCUSBion of occurrence, methods of mining, and distillation of oil shale, with 

costs. 
Gadxll, H. M., The oil shales of the Scottish Carboniferous system: Jour, (xeology, 

vol. 2, pp. 243-249, 1894. Describes geology briefly. 

Geology of the oil-shale fields of the Lothians: Edinburgh Geol. Soc. Trans., 

vol. 8, pp. 116-162, 1901. Good description, with map. 
The oil-shale fields of the Lothians: Inst. Min. Eng. [London] Trans., vol. 22, 



pp. 314-371, pis. 7, 9, 1902. Good description, with map and short discussion of 
the oil-shale industry. 

Scottish shale industry: Petroleum World, vol. 10, pp. 228-236, 1913. Good 



description of oil shale and processes of distillation and refining. 
Oadbll, H. M., and Grant Wilson, J. S., The geology of the oil-shale fields: The oil 

shales of the Lothians, 1st ed., pt. 1, pp. 1-97, Scotland Geol. Survey Mem., 1906. 

Describes geology and give data relative to value of different beds. 
Caldwell, Wiluam , Methods of working the oil shales: The oil shales of the Lothians, 

1st ed., pt. 2, pp. 98-132, Scotland Geol. Survey Mem., 1906; 2d ed., pt. 2, 

pp. 95-135, 1912. 
The working of oil shale at Pumpherston (Scotland) : Inst. Min. Eng. [London] 

Trans., vol. 36, pp. 581-589, 1909. Describes methods used. 
Cameron, , The bituminous deposits of the Camamu Basin, Province of Bahia, in 

the Brazilian Empire, London, 1884. 
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GanavarI) M.y Gli schisti a fucoidi, e gli schisti bituminoei che speaso li accompagno 

neir Appemiino centrale; Una radiolite del suavicino: Soc. toscana sci. nat. 

Proc. verb., vol. 3, pp. 6, 7, 1881. 
Garne, J. E.y On certain coal and shale lands in the Capertee Valley distridb, New 

South Wales: New South Wales Geol. Survey Bee., vol. 4, pp. 8^-48^ 1894. 

Describes geology of kerosene shale in Capertee Valley district. 
The kerosene-shale deposits of New South Wales: New South Wales Greol. 

Survey Mem., Geol. ser., No. 3, 1903. Describes development, geology, and 

method of treatment. 
Garruthers, R. G. , The geology of the oil-shale fi^ds: The oil shales of the Lothians, 

2d ed., pt. 1, pp. 1-94, Scotland Geol. Survey Mem*., 1912. Describes geology. 
Gatlin, R. M., Oil shales of Elko, Nov.: Am. Inst. Min. Eng. Bull., 1914, p. 1402. 

Attributes Elko oil shale to saturation of shale by wax from oil which has escaped. 
Ghesneau, G., Rapport sur Tindustrie des huiles de schiste en France et en Angle- 

terre, Paris, 1892. 
L'industrie des huiles de schiste en France et en l^osse: Annales des mines, 

9th ser., vol. 3, pp. 617-673, 1893. Outlines oil-shale industry of France and 

compares distillation and refining practices of France with those of Scotland. 

Ghosson, , De la situation de Tindustrie des schistes bitumineuz du baasin 

* d'Autun: Annales des mines, 6th ser., vol. 20, pp. 347-428, 1871. Detailed dis- 
cussion of distillation and refining processes used in different fields of France. 
Clarke, W. B., On the occurrence and geological positions of the oil-bearing deposits 

of New South Wales: London Geol. Soc. Quart. Jour., vol. 22, pp. 439-448, 1866. 

Short discussion of age of oil shale and cannel coals of New South Wales. 
GosTE, Eugene, Oil shales of Elko, Nev. : Am. Inst. Min. Eng. Bull., 1914, pp. 1403- 

1404. Concludes from evidence of Elko oil shales that the wax or oil in them can 

be there only by impregnation and is of inorganic origin. 
Graiq, Cxjnninoham, Petroleum prospects in South Africa: Petroleum World, vol. 11, 

pp. ,265-271, 1914. Describes geology of oil-shale fields of Transvaal and Natal 

and tests of shale and gives estimates of cost. 
Dawkins, W. B., On the kerosene shale of Mount Victoria, New South Wales: British 

Assoc. Rept., 1886, p. 643, 1887. Mentions kerosene shale and its relations. 
Delahate, N. B., Siu* les schistes de Muse (Sa6ne-et-Loire) : Soc. g6ol. France Bull., 

2d ser., vol. 5, pp. 304-308, 1848. 
Faits et observations pour servir k Thistoire des schistes bitumineux: Rev. sci. 

ind., vol. 38, pp. 1-17, 49-63, 97-100, 161-174, 225-232, 321-329, 337-352,440-447, 

1850. . 
Desbief, p., Schistes bitumineux des environs d'Autun : Annales des mines, 5th ser., 

vol. 14, pp. 44, 45, 1858. Brief note on the yield of oil from oil shales of Autun, 

France. 
Dietrich, P. F. de. Description des gites de min^rai et des benches k feu de la France, 

Paris and Strasburg, 1786-1799. 
DuNLOP, R., Oil-shale deposits at Orepuki: New Zealand Dept. Mines Rept. C, pp, 

52-54, 1900. Describes plant being installed to get oil and ammonia from the 

oil shales at Orepuki, New Zealand. 
Ells, R. W., Oil shales of eastern Canada: Canada Dept. Mines Summ. Rept., 1909, 

pp. 200-216. Describes occurrence and gives large nimiber of tests of oil shales 

in eastern Canada. 
Bituminous shales in Nova Scotia and New Brunswick, with notes on the oil 

shales in Scotland: Canada Geol. Survey Summ. Rept., 1908, pp. 132-142, 1909. 

Describes geology of oil shales of Scotland and of Nova Scotia and New Bmiui- 

wick and gives results of distillation tests of the latter. 
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Ells, R.W., Joint report on the bituminous or oil shales of New Brunswick and Nova 
Scotia also on the oil-shale industry of Scotland, Canada Dept. Mines, 1909. Dis- 
cusses at length the oil-shale ind iistry of Scotland . Describes geolog}' and mining 
possibilities of oil shales of New Brunswick and Nova Scotia, giving results of 
distillation tests. 

Notes on the geology of the oil shales of Scotland and their relation to some- 
what similar oil shales in eastern Canada: Roy. Soc. Canada Trans., 3d ser., vol. 3, 
sec. 4, pp. 35-44, 1909. Short sketch of geology of oil shales of eastern Canada. 

. The comanercial value of the oil shales of eastern Canada, leased on their con- 
tents by analysis in crude oil and ammonium sulphate: Nova Scotia Min. Soc. 
Jour., vol. 15, pp. 29-56, 1910. Describes in detail tests on shales from different 
fields of Canada and discusses costs and values. Notes oil shale from Melville 
Island and area along lower part of Mackenzie Kiver, also from Island of Spitz- 
beigen. 

The oil shales of the Maritime Provinces (Canada): Min. Soc. Nova Scotia 



Jour., vol. 14, pp. 1-12, 1910. Outlines possibilities of oil shales of Canada and 

describes briefly the results of tests on these shales made in the shale works of 

Scotland. 
Elsnbb, L., Ueber die Zusammensetzimg des SchieferSl: Ver. Beford. Gewerbfl. 

FreuBB. Verb., Band 24, pp. 195, 196, 1845. 
Fbrrbbo, O., Analisi chimica degU sdsti bituminosi della valle di Setarolo: R. ist. 

Lombardo Atti, vol. 3, pp. 15-18, 1862. 
GxLLST DB LAxniONT, F. P. N., Observations siur Ics schistes bitumineux, sur les 

bitumes ou matins bitumineuses, et sur les Gr^ Psammites dt^s dans le m^moiro 

deM. Leschevin: Joiu*. Mines, vol. 33, pp. 46-52, 1813. 
GrXfe, E., Ueber canadischen Oelschiefer: Braunkohle, Band 9, pp. 424-426, 1910. 

Brief description of Canadian oil shales. 
Die schottische Schieferteerindustrie: Petroleum Zeitschr., Band 6, p. 69, 1910. 

Gives history of Scotch oil-shale industry, beginning with 1694, also good descrip- 
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GEOLOGY OF THE UPPER STILLWATER BASIN, STILLWATER 
AND CARBON COUNTIES, MONTANA, WITH SPECIAL REF- 
ERENCE TO COAL AND OIL. 



By W. R. Calvert. 



INTRODUCTION. 

In 1907 a coal field on the west side of the Bighorn Basin, Wyo., 
was examined by the United States Geological Survey, and the 
investigation was extended northward to include the coal-producing 
area in the vicinity of Red Lodge, Mont. Mapping was discontinued 
at Rock Creek, however, and no definite information was obtained 
relative to the westward extent of the coal field beyond that stream. 
Coal had been reported at Nye, on Stillwater River, and it was con- 
sidered possible diat this coal bed and some one of those developed 
at Red Lodge were identical. In 1908 the writer extended the inves- 
tigation of the previous year westward from Red Lodge with the 
idea of ascertaining whether the coal beds at Red Lodge and at Nye 
are of the same geologic age and whether they are continuous in tiie 
intervening area. 

Time has not been available from 1908 until now to prepare for 
publication the data obtained in the field examination. In conse- 
quence the notes on the coal development here given are incomplete, 
as they refer to conditions during and prior to 1908. The chief 
object of this paper is to discuss the geologic conditions in the field 
and the relation of the coal at Nye and Red Lodge. 

Li common with other investigations of Rocky Mountain coal 
fields made by the United States Geological Survey in recent years, 
the examination was made primarily for the purpose of classifying 
the land with respect to coal. In the field, therefore, land lines were 
followed wherever it was feasible, and locations were checked from 
time to time by established land comers. The topography was 
sketched by plane-table methods, an aneroid barometer being used 
for vertical control. 

In the field the writer was assisted by F. H. Kay and E. F. Schramm 
and in the office by Mr. Elay in the compilation of data obtained. 
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SURFACE FEATURES. 

The area to which this report relates hes adjacent to and north, 
the Beartooth Mountains and extends westward from Rock Creek 
Stillwater River. It contains about 300 square miles. (See PI. X3 

The surface of the field is considerably diversified, including broj 
terraces and areas of rolling or much dissected country. On t 
south it is bordered by the rugged Beartooth Mountains. Gladati 
has done much to modify land forms in the vicinity of the moimtaii 
as nearly every stream valley and interstream divide is filled 
covered with glacial debris. Aside from the mountainous tract t 
roughest topography is seen in the western part of the field, win 
the interstream areas rise to an altitude of 6,000 feet, or 1,000 f< 
above the valleys. The lowest place is in the extreme norihaf 
comer of the field, where the altitude is about 4,600 feet above 8 
level. From this locality the surface rises toward the souih'tt 
culminates in the high peaks of the Beartooth Mountains, whc 
glacier-crowned summits reach a maximum altitude of over 12,0 
feet, the highest in the State. Mapping was not extended southwa 
beyond the base of the mountains, where the altitude is unifom 
about 6,000 feet. 

The field as a whole is well drained by perennial streams flowi 
from the mountains. The largest of these are Rock, East and W< 
Red Lodge, East and West Rosebud, and Fishtail creeks and St 
water River, all direct or indirect tributaries of the Yellowstone. 

Red Lodge is the largest town in the area, having a population 
about 4,860. Other post offices are Luther, on West Red Lod 
Creek; Dean, on a branch of Fishtail Creek; and Nye, near the jui 
tion of West Stillwater River with the main stream. Red Lodge 
connected with the transcontinental line of the Northern Pad 
Railway by a branch from Laurel, about 16 miles west of Billini 
Transportation from other parts of the field is effected by wagon 
points on the Northern Pacific. 

GEOLOGY. 

STBATIGBAPHY. 

The rocks of the area comprise a great thickness of strata rangi 
from coal measures of lower Montana (Upper Cretaceous) age 
beds more than 8,000 feet up in the Fort Union formation of 1 
Eocene. Older sedimentary formations and crystalline rocks i 
exposed in the Beartooth Moimtains, along whose north base iht 
is a profound fault that brings Paleozoic rocks into contact wi 
Tertiary formations south of Red Lodge and with successively olc 
strata to the west. The geology of this area is shown on Plate 
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GRETACEOTJS SYSTEM. 
XAOLB 8AVDST0HB AVD UVDrOSTOV FOKXATIOV (UPPBK ORBTAOBOXTS). 

The oldest rocks in the area consist of a white sandstone about 300 
feet thick, the upper part of which is massive and grades downward 
into a sandy shale. The entire thickness of this sandstone occurs 
only in the western part of the field, but the upper portion is exposed 
locally as far east a^ sec. 4, T. 6 S., R. 18 E. A carbonaceous zone, 
locally coal bearing, occurs at the top of the sandstone. This white 
sandstone is overlain by a mass of greenish or brownish sandstone and 
sandy tuffaceous shale about 3,200 feet thick in the central part of 
the area. On examination these overlying beds appear to be highly 
andesitic in character and therefore to have been derived from vol- 
canic rocks. These andesitic strata are exposed over a considerable 
area in the western part of the field. On West Rosebud Creek poorly 
assorted volcanic agglomerate, also of andesitic material, appears as a 
thin wedge in the midst of the tuffaceous beds, and this agglomerate 
thickens westward until in the vicinity of Stillwater River it is about 
2,000 feet thick. In spite of this notable thickening and the fact that 
the base of the a^omerate is uniformly about 625 feet above the base 
of the andesitic beds, the stratigraphic distance between the agglom- 
erate and the overlying Tertiary beds (Fort Union formation) re- 
mains fairly constant. A section of the andesitic beds measured in 
T. 5 S., R. 18 E., where the agglomerate is absent, is as follows: 

Section in T.5S., R, 18 E. 

Feet. 

Sandstone, browniBh, plftty, and sandy shale (thickness estimated). 1, 500 

Sandstone, platy, brownish gray, with layers of chocolate-colored 
concretions as much as 1 foot in diameter 99 

Partly concealed; lower 100 feet is yellowish-brown platy sand- 
stone and yellowish sandy shale 287 

Sandstone, very irregular in lithology and bedding, coarse grained 
to pebbly 65 

Sandstone, brown, and sandy shale 120 

Partly concealed; where exx)oeed consists of brown sandy shale 
and thin brown sandstone 880 

Sandstone, gray or brown, with intercalated yellowish shale; tex- 
ture and bedding variable, chiefly fine grained and tuffaceous, 
with plant fragments 214 

Shale and thin platy sandstone, brownish gray, compact and fine 
grained 11 

Sandstone, thin bedded, coarse grained 39 

Shale, gray and yellow, with thin sandstone and lignitic bands 28 

3,233 

On Stillwater River the section of the andesitic beds diflFers from 
that given above and comprises about 625 feet of shale and sandstone, 
2,000 feet of agglomerate, and 2,500 feet of shale aadlVmi^^xv^Vs^^^ 

43768''-'Bull. 641—17 14 
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all highly andesitic. All of this section is not exposed in the area 
mapped but is shown on each side of Stillwater Valley farther north- 
east. 

Considerable interest attaches to the age of the basal coal-bearing 
sandstone and the overlying andesitic beds. Fossil leaves are presenl 
in both formations, although they are confined chiefly to rocks doeelj 
associated with the coal bed of the massive sandstone and to the an- 
desitic beds underlying the agglomerate. These leaves are similar to 
those found in the vicinity of Livingston, about 35 miles northwest ol 
Nye, and the rocks containing them are therefore to be correlated 
with similar plant-bearing beds at Livingston. Li that locality tbi 
rock section consists of a mass of shale about 3,600 feet thick, whidh 
has been considered by previous writers to be the representative ol 
the Colorado shale, Pierre shale, and Fox Hills sandstone. Overlying 
this mass of shale at Livingston is a coal-bearing sandy formatioa 
about 800 feet thick that contains fossil leaves similar to those found 
in the coal measures near Nye. Next higher stratigraphically is a 
mass of andesitic rocks about 5,000 feet thick, near the base of whidi 
occur leaves of the identical species found in the andesitic beds east oi 
Stillwater River. Li earher reports the coal measures at LivingBton 
were considered to be of Laramie age and the andesitic rocks abovdp 
termed the Livingston formation, were supposed to have been deposf 
ited after a period of orogenic movement following the Laramie. 
According to this interpretation the coal-bearing sandstone at Nye 
should ber considered Laramie and the overlying andesitic rocks to be 
of Livingston age. Regional study by R. W. Stone and the writer, 
however, leads to the conclusion that the stratigraphy at Livingston 
has been misinterpreted. Colorado fossils have been found at the top 
of the mass of shale that constitutes the lowest formation in the section 
as described, and it therefore appears that the coal-bearing sandstone 
at Livingston is of lower Montana age rather than Laramie, as has 
been previously supposed. Fiffthennore, no unconformity wafl 
was found between the coal measures and the overlying Livingston 
formation, and there is evidence of continuous deposition from Colo- 
rado time into Fort Union time. The present interpretation is thai 
the coal measures near Livingston are of lower Montana age, and thai 
the Livingston formation itself is the time equivalent of the Glaggett; 
Judith River, Bearpaw, and possibly even younger formations as d^ 
veloped elsewhere in the State, and is therefore of Upper Cretaoeoitf 
and Eocene age. 

In this report, therefore, the coal measures in the vicinity of Nye an 

assigned to the Eagle sandstone, the lowest formation of the Montani 

group. As the overlying rocks up to the Fort Union can not be sepa^ 

rated on the basis of either lithology or paleontology the term Liv* 

ingston formation will be appUed to them, although it is to be under 
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stood that by the use of this name no attempt is made to convey an 
idea of distinct geologic time. It is not appropriate to discuss in thi^ 
report all the details on whi^h are based the present interpretation of 
the stratigraphic questions involved; and the reader interested in the 
subject is referred to a paper in which the problem is treated at greater 
length.^ In any event, however, it has been ascertained beyond 
question that the coal measures at Nye are not in the same geologic 
formation as those at Red Lodge, but are nearly 9,000 feet lower. 

TERTIARY SYSTEM. 
FORT TnnOV FOBKATIOV (SOOZHE). 

The rocks in the eastern part of the field, aside from surficial 
material and those of an area of about 5 square miles south of Linley, 
represent fresh-water deposits of Fort Union age, which are pre- 
dominantly sandy. Woodruff ^ has separated the Fort Union for- 
mation of this region into three members, the division being based 
on the presence or absence of valuable coal beds. The lowest member 
consists of variable yellowish sandstone and shale 5,700 feet thick, 
in which no coaJ of any consequence occurs. Above is a member 
825 feet thick, which is lithologically similar in appearance to the 
underlying member, but which contains several beds of coal. The 
upper member, about 2,000 feet thick, is also of essentially the same 
character as the lower, and likewise differs from the middle member in 
that it contains no valuable coal beds. Although it is Ukely that the 
lower part of the section should be referred to the Lance formation 
("Ceratops beds"); fossils belonging to that formation were not 
found, and as there is no distinct change in Uthology in the mass of 
rocks described, the entire sequence is tentatively designated Fort 
Union. 

UNLET COVOLOMERATE (POST-EOCEITE). 

In addition to the Eagle sandstone, the Livingston and Fort 
Union formations, as previously described, other rocks are repre- 
sented in the area. Between Linley and the Beartooth Mountains 
is an area of about 5 square miles in which a conglomeratic sand- 
stone lies with marked imconf ormity on tilted and eroded Fort Union 
rocks. The conglomerate is bedded throughout and is composed 
mainly of grains and well-roimded pebbles, 6 inches or less in diameter, 
of greenish porphyry, with smaller amounts of limestone and pink 
granite, all presumably originating in the Beartooth Moimtains. 
The strata appear to dip at a moderate angle to the northeast, but 
this dip is considered to be the original attitude of deposition rather 
than the result of subsequent structural disturbance. It is difficult 

1 stone, B. W., and Calvert, W. R., The stratigraphic relations of the Livingston formation of Montana: 
Eooa. Geology, vol. 5, Nos. 6, 7, and 8, 1910. 
s WoodnifT, B. 0., The Bed Lodge coal field, Mont.: U. S. Geol. Survey BuU.MV^^v>-^-^^>'^^'^> 
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to determine the thickness of this conglomerate, but it attains an 
approximate maximum of 300 feet. Toward the north it thins to 
a mere fihn. Although erosion has now separated the conglomerate 
from the Beartooth Mountains, its southern border no doubt for- 
merly extended to that uplift. Because of the development of this 
conglomerate in the vicinity of Linley, it is here designated the 
Linley conglomerate. 

No fossils were found in the conglomerate, and its age is therefore 
uncertain. Its superposition on highly tilted Fort Union rocks 
indicates that it is considerably younger than the Fort Union and 
also more recent than the major structural disturbances of the r^on. 
That it is not of glacial age or origin is indicated by the evenly 
bedded and solidified character of the rocks, by the entire absence of 
striae, and by the superposition of undoubted glacial drift along 
the eastern maigin of the conglomerate. The date of the deposition 
of the Linley conglomerate is rather to be correlated with the period 
when erosion had laid bare the crystalline core of the Beartooth 
Mountains and when streams emerging from the uplift had much 
greater gradient and carrying capacity than at present. The con- 
glomerate was laid down as a fan or delta deposit by Red Lodge 
Creek at the locality where its gradient was suddenly lowered on 
emergence from the mountainous area. Criteria to determine the date 
of this condition are not available, and the Linley conglomerate is 
therefore merely referred to the post-Eocene. 

QUATERNABY SYSTEM. 

Glacial drift covers a considerable part of the area and effectually 
conceals all older sediments wherever it occurs. This drift is made 
up of lateral and terminal moraines, outwash, and other forms of 
glacial d6bris. On the recession of the glacier that once occupied 
Stillwater Valley a lake was formed, and along its borders were 
strewn bowlders, probably left by floating ice; the lake floor was also 
covered by d6bris, which now conceals the underlying rock. Terrace 
gravel occupies the surface in much of the eastern part of the field. 

IGNEOUS BOCKS. 

Two areas of intrusive andesite were noted in the vicinity of 
Dean post office — one in sees. 13 and 14, T. 5 S., R. 16 E., and the 
other in sees. 15, 16, and 17, T. 5 S., R. 17 E. These rocks were 
not examined in detail, but as they cut the lower part of the Liv- 
ingston formation they must have been intruded at a later date than 
the deposition of that material, and they were probably intruded 
before the movement which resulted in tJie formation of the Dean 
anticline. 
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STBTJCTUBE. 

The structure in the eastern part of the field is relatively simple. 
At Red Lodge the strata associated with the coal beds dip at an 
angle of 18^ toward the Beartooth Mountains, but the angle de- 
creases as the mountains are approached. The beds are finally 
terminated by a fault of great throw which extends northwestward 
along the base of the mountains entirely across the field. Near 
Red Lodge Paleozoic limestone standing vertical occurs just south 
of the fault line, but farther west younger rocks up to. and including 
the Jurassic appear, indicating that the throw of the fault lessens 
in that direction. 

North of Red Lodge the strike of the beds remains fairly constant 
in direction, although interrupted by minor flexures. The dip grad- 
ually decreases, however, and at the northern border of the area it 
is less than 5^. Because of this decrease in dip the entire thickness 
of the Fort Union is not exposed in the area surveyed, and the total 
of 8,500 feet assigned to the formation was measured northeast of 
Red Lodge. 

Minor faults and folds are numerous in the district west of Rock 
Creek and northwest of Red Lodge. These local structural featiu^s 
were generally not mapped, however, as the lack of persistent well- 
defined key beds rendered it practically impossible to work out the 
structure in detail. West of R. 19 E. the structure is dominated by 
an anticline which trends N. 70^ W. to the western border of the 
field. East of Nye this anticUne is cut by a fault. The fault can 
not be followed for any considerable distance, as on the east it 
extends into andesitic rocks where the structure is largely concealed 
by lack of well-defined bedding and on the west it passes under a 
mantle of alluvium and glacial material. The amoxmt of vertical 
displacement can not be determined with certainty, but in the cliff 
near the south side of T. 4 S., R. 16 E., it must be nearly 600 feet. 
Southeast of this locahty the structure seems best explained by two 
faults. 

COAIi IN THE RED liODGE DISTRICT. 

FOBT T7NION FOBMATION. 

The coals at Red Lodge had been studied prior to the examination 
by the writer in 1908, and only one main point, that relating to the 
westward extent of the Rod Lodge field, remained to be decided. 
For details regarding the coals, therefore, the reader is referred to 
the previous pubUcation on this field.^ The repetition of certain 
points relative to the coal, however, seems desirable. The workable 

1 Woodrafl, S. G., The Red Lodge coal field, Mont.: U. S. Qeol. Survey Bull. 341, pp. 03-107, 1007. 



206 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PABT H. 

beds have a vertical range of about 800 feet and are underlain by 
about 5,700 feet of practically barren strata. Above them is a simi- 
lar mass of sandstone and sandy shale about 2,000 feet thick which 
is also improductive of coal. Measurement of the coal shows a total 
of 71 feet in beds more than 3 feet thick. The workable beds are 
known locally as Nos. 1, IJ, 2, 3, 4, 4i, 5, and 6. The coals are 
high-grade subbituminous coals, and compare favorably in heat value 
with the bituminous coals of the Mississippi Valley but do not stock 
so well. 

The Fort Union coal beds west of Red Lodge are exposed in out- 
crop on both sides of Rock Creek, where they dip 18** S. and strike 
N. 78^ W., but immediately west of the town exposures are lacking 
and there is nothing to indicate whether or not the structure con- 
tinues regularly. Near the west quarter comer of sec. 28, T. 7 S., 
R. 20 E., however, a coal bed has been prospected, and though the 
opening was badly caved certain mformation was obtamable. It 
was noted that the strike and dip of the bed were identical with 
those on Rock Greek, and by sighting back along the strike it seemed 
probable that the bed is No. li, an assumption which is strengthened 
by the apparent thickness and character of the bed at the prospect, 
which is comparable to No. li as developed at Red Lodge. 

West of the prospect in sec. 28 exposures are not good, but the 
structure seems to be regular. If so, the upper coal bed meets the 
Beartooth fault near the east side of the township to the west, and 
the lower beds continue only a short distance farther. It seems 
hkely, therefore, that the producing district at Red Lodge will be 
practically confined to Tps. 7 and 8 S., R. 20 E., for although the 
Fort Union formation constitutes the surface over a large area 
northwest of Red Lodge the highest strata exposed are below the 
productive zone. 

LIVINGSTON FOBMATION. 

On West Rosebud Creek a carbonaceous zone near the base of the 
andesitic beds overlying the Eagle sandstone has been prospected 
at several locaUties, but in only one place has coal actually been 
removed. This is in sec. 23, T. 6 S., R. 17 E., where T. E. Philip 
drove an entry 250 feet long. The coal occurs here in four irregular 
benches with partings of bone and shale. The lower bench reaches 
a maximum thickness of 17 inches, and the bench above ranges from 
1 inch to 13 inches. The next higher bench is termed the "rotten 
vein" and is worthless; the top bench is the most variable of all. 
This coal is not valuable, as the waste is excessive and the coal bed 
* extremely variable and faulted. Where opened at other localities 
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the zone comprises only carbonaceous shale with thin partings of 
coal. Carbonaceous zones occur also near the top of the Livingston 
formation, but no coal bed was foimd more than 8 inches thick. 

EAGLE SANDSTONE. 

Coal is mined near Nye, in what is known as the Upper Stillwater 
Basin, from a single bed that is near the top of the massive white 
sandstone beheved to be the Eagle. Above this are the brownish 
clay shale and thin tuffaceous sandstone constituting the lower part 
of the Livingston formation. The coal bed is exposed in outcrop in 
the cliff east of Stillwater River, gradually approaching the level of 
the valley floor, which it crosses in sec. 28, T. 4 S., R. 16 E., and it 
continues in a direction slightly north of west to the vicinity of the 
south quarter comer of sec. 19. From this locaUty it apparently 
swings to the south along the southeast base of Sheep Mountain, 
where it turns to the east and probably passes beneath alluviimi and 
glacial drift. It is not known with certainty whether the bed 
appears elsewhere within the area, as the structure in this vicinity 
is complex and largely concealed by glacial d6bris. 

Three mines have been opened on this coal bed and operated to 
supply a small local demand. The easternmost of these is the Albert- 
son mine, in the SE. i NW. i sec. 28, T. 4 S., R. 16 E. At this 
locality the coal bed is spht by bone or sandstone partings into 
several benches, as shown in the following section, measured at a 
point in the mine 250 feet from the entrance: 

Section of coal bed 'in the Alhertson mine. 

Sandstone. Ft. in. 

Coal 10 

Sandstone 1 

Coal 11 

Bone 1 

Coal 8 

Bone 4 

Sandstone 4i 

Coal 7i 

Bone and sandstone 2 10 

Coal 1 

Sandstone. 

Total coal 4 ) 

Sample No. 6314 (see p. 210 for analysis) was cut at this place and 
includes the upper three benches of coal. At the time of the examina- 
tion the entry of the Albertson mine was about 250 feet long on a very 
slight dip. No water or gas has been encountered in the workings. 

On the northwest side of Stillwater River, in the NE. J NW. J sec. 
29, is the Loffer mine. Here the bed is opened by a slope 400 feet 
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long on a dip of 11^. The coal occurs in three benches, as shown by 
the follo¥mig section, measured at the end of the slope: 

Section of coal bed in Loffer mine. 

Sandstone. Ft. In. 

Coal 5 

Sandstone 2 

Coal 11 

Bone 9 

Sandstone 3 

Coal 3 3 

Sandstone. 

Total coal 4 7 

Sample No. 6320 (see p. 210) was obtained by making a cut across 
the three benches of coal at the place where the section given above 
was measured. Although imder considerable cover, the coal is 
badly weathered near the outcrop and is not marketable for at least 
125 feet from the mouth of the entry. 

About three-quarters of a mile west of the Loffer mine is the 
Lehner opening. The entry was filled with water at the time of 
visit, so that an examination could not be made, but it was reported 
that the coal occurs in three benches, which are shown in the following 
section, given by a local resident: 

Reported section of coal bed at Lekner mine. 

Sandstone. Feet. 

Coal 1 

Bone parting. 

Coal 1 

Shale 2 

Coal 3 

Sandstone. 

Total coal 5 

Aside from these three mines no development worthy of men- 
tion has been made in the vicinity of Nye. The coal bed has been 
prospected southeast of the Albertson mine, in the southern part 
of sec. 33, and shown to be of poor quality and insufficient thick- 
ness. On the opposite side of the valley, southwest of the Lehner 
mine, nothing is known of the coal bed. Its probable outcrop is 
indicated on the map (PL XXI) but it was not seen, and therefore 
the area of readily available coal in the vicinity of Nye is probably of 
small extent. Dips near the outcrop are comparatively slight 
as a rule, yet a short distance away from the outcrop the coal bed 
is carried by increasing dips to considerable depths. Coal is mined 
from a thin bed in sec. 8, T. 5 S., R. 16 E., from rocks which in lithol- 
ogy might belong either to the coal measures or to the overlying 
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andesitic beds. Fossil plants do not serve to differentiate these 
formations sharply, so that there is doubt as to the stratigraphic 
position of the coal. It is probable, however, that the bed is above 
the coal bed exposed north and east of Nye. On the west side of 
Stillwater River, outside of the area mapped, a bed of coal has been 
opened that is probably the same as that near Nye. It is, however, 
of poor quality and is not considered further in this report. 

CHABACTEB OF THE COAL. 

The coal of the Nye district is fairly dense and rather dull in 
luster, though it contains brighter bands ranging from a mere film 
to some a quarter of an inch thick. Brown resin occurs m a few mm- 
ute lenses. So far as known the coal is noncoking. 

Samples were taken from the Albertson (No. 6314) and Loffer 
(No. 6320) mines, and their analyses, made in the United States 
Geological Survey laboratory at Pittsburgh, are given below. 
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In the table the analyses are given m four forms, marked A, B, C, 
and D. Analysis A represents the composition of the sample as it 
comes -from the mine. This form is not well suited for comparisons, 
for the amoimt of moisture in the sample as it comes from the mine 
is largely a matter of accident and consequently analyses of the same 
coal expressed in this form may vary widely. Analysis B represents 
the sample after it has been dried at a temperature a little above 
the normal until its weight becomes constant. This form of analysis 
is best adapted to general comparisons. Analysis C represents the 
theoretical condition of the coal after all the moisture has been 
eliminated. Analysis D represents the coal after all moisture and 
ash have been theoretically removed. This is supposed to represent 
the true coal substance, free from the most important impurities. 
Forms C and D are obtained from the others by recalculation. They 
should not be used for commercial representation, for they represent 
theoretical conditions that never exist. 

In the analytical work chemists generally recognize that it is not 
possible to determine the proximate constituents of coal or lignite 
with the same degree of accuracy as the ultimate constituents. 
Therefore the air-drying loss, moisture, volatile matter, fixed carbon, 
and ash are given to one decimal place only; whereas the ash (in an 
ultimate analysis), sulphur, hydrogen, carbon, nitrogen, and oxygen 
are given to two decimal places. It is also understood that calorific 
determinations to individual units are not reliable; therefore in the 
column headed ''Calories" the heat values are given to the nearest 
five units, and in the column headed "British thermal units" they 
are given to the nearest tens, a British thermal unit being about 
one-hall the value of a calorie. 

In order to make direct comparisons with other coals of this 
general region analyses of some of the best-known coals have been 
inserted in the table. No. 3590 represents a sample from bed No. 1 
in the mine of the Northwestern Improvement Co. at Red Lodge. 
No. 5823 represents a sample from bed No. 4 in the mine of the Bear 
Creek Coal Co. at Bear Creek. Both of these beds are in the Fort 
Union formation and hence are much younger geologically than the 
Nye bed in this field. Nos. 5495 and 5508 represent coal from the 
Bridger bed, in the eastern part of Carbon County, which occupies 
about the same stratigraphic position as the Nye bed. No. 5495 
is the analysis of a sample from the mine of the Bridger Coal Improve- 
ment Co. and No. 5508 of a sample from Gebo No. 2 mine of the 
Bituminous Coal Co. 

By comparison of the analyses it will be seen that the composition 
of the Nye coal is more nearly like that of the Bridger coal than it is 
like that of the coal at Red Lodge and Bear Creek. The moisture 
of the Nye coal is nearly the same as tkat oi 1[ket ^rii^^sc ^^^ «sA 



212 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PART H. 

considerably less than that of the Fort Union coals at Red Lodge and 
Bear Creek. The amount of volatile matter is also nearly the same 
in the Nye and Bridger coals and less than in those of Bear Creek and 
Red Lodge. Ash, on the other hand, is greater in the Nye and 
Bridger coals than it is in the Red Lodge and Bear Creek coals. 
The real value of the coal itself, aside from any impurities such as 
moisture and ash that it may contain, is well shown by a comparison 
of the heating values in the analyses of form D: 

Heating values of some Montana coals. 

Labora- British 
Coal. tory tbermal 

ntdtn. 




Kye. 6314 • 13,M0 

Nye 6320 13,900 

Bridger 6405 13,970 

Bridger 6606 13,870 

RedLwlge SGOO 13,820 

Bear Creek 6823 13,280 

From this table it is evident that the substance of the Nye and 
Bridger coals is superior in heating value to that of the Red Lodge 
and Bear Creek coals, but the higher ash content would tend to 
neutralize this advantage and make the two coals as they reach the 
market of about the same value. 

These coals are doubtless near the dividing line between bituminous 
and subbituminous. Those of Red Lodge and Bear Creek, owing 
to their tendency to slack when exposed to the atmosphere, are 
generally regarded as subbituminous, whereas the Bridger coal, which 
shows little or no tendency to slack, is regarded as bituminous. It is 
said that the coal at Nye will stock as well as that at Red Lodge, if 
not better, and if this claim is in accord with the facts it appears that 
the Nye coal may be classified as bituminous rather than subbitumi- 
nous like the Red Lodge and Bear Creek coals. This assignment of 
the Nye coal to the bituminous class is still further strengthened by 
the similarity of its composition to that of the Bridger coal as shown 
by the analyses. 

FX7TT7BE DEVELOPICBNT. _ 

In the Red Lodge district development is certain to be steady and 
continued, as a great amoimt of coal is known to be available and 
transportation facilities are entirely adequate. The coal in the 
Upper Stillwater Basin, however, is less fortunately situated, and the 
present demand is purely local. The future of this area, therefore, 
is dependent on future transportation facilities. Surveys have been 
made from Columbus, on Yellowstone River, to the headwaters of 
the Stillwater, the object being to build a line to Cooke City to aid in 
the development oi the metalliferoMB di&tnct in that vicinity. If 



GEOLOGY OF THE HOUND CREEK DISTRICT OF THE GREAT 
FALLS COAL FIELD. CASCADE COUNTY, MONTANA. 



By V. H. Babnett. 



INTRODUCTION. 

This paper is based on field work done during tlie month of Septem- 
ber, 1909, by W. R. Calvert and the writer, assisted by J. R. Hoats. 
Its objects are to give information regarding the coal resources of the 
Hound Creek district of the Great Falls coal field and to describe the 
geolo^c formations and the structure relating to the occurrence or 
absence of the coal-bearing rocks. As the work was done primarily 
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for land classification, the determination of the presence or absence 
of the coal was one main purpose. 

The Hoimd Creek district is the southwestern extension of the Great 
Falls coal field, on which a detailed report • has been published. It 
comprises ISO square miles in Cascade County, Mont., and extends 

■ Pkhar, C. A., Octdogr at tba Gnat Falb mU Md, Uont.: n. 8. QtA. 9anvs BdH 3M, ItM. 
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along both sides of Hound Creek from a point near its mouth on 
Smith River (Deep Creek) to the head of Elk Creek in the foothills of 
the Big Belt Moimtains. (See PL XXII and fig. 15.) 

In the course of the field work section comers were f oimd with yery 
little difficulty. Plane-table triangulation and mapping with tele- 
scopic alidade and stadia rod were also employed, so that a fair degree 
of accuracy was attained. Altitudes were obtained by aneroid- 
barometer readings based on the assumed altitude of Hound Greek 
bridge, in sec. 24, T. 17 N., R. 2 E. 

SURFACE FEATURES. 



The surface of the district is made up of high, rounded hills and 
broad slopes cut by streams into steep-sided valleys. For the most 
part the area borders a zone of moimtain topography, but on the 
north it is adjacent to a more level coxmtry. The range of altitide 
is from 3,800 feet near the mouth of Hound Creek to about 7,200 feet 
in the southern part of the district. The average altitude of the 
field is about 5,000 feet, and the greatest difference in any one 
locaUty is 1,200 feet in three-fourths of a mile in sec. 22, T. 15 N., 
R. 1 E. Most of the streams have cut deep channels into the soft 
shale, and the more resistant limestones and sandstones make the 
valley sides steep and precipitous. The deeper valleys are from 300 
to 500 feet below the level of the bordering plains. Smith River is 
locally known as Deep Creek because it flows through a deep, narrow 
gorge in this part of its course. It crosses the northeast comer of 
the district and empties into Missouri River about 16 miles to the 
northwest. Hound Creek drains the larger part of the area, and its 
numerous mountain tributaries are fed by perennial springs. 

CITLTT7BE. 

There are few settlements in the Hound Creek district, the popula- 
tion averaging about six families to the township. Adel, the only 
post office, is maintained at a ranch house in the southwestern 
part of the district. The location of ranches is determined by the 
position of readily irrigable land or by proximity of range for stock. 
There is an abundance of water almost everywhere, so that except 
on the higher areas it is not very difficult to procure sufficient water 
for irrigating small tracts. 

Wagon roads generally are poor, but two regularly traveled roads 
cross the district from north to south. One is the stage road from 
Great Falls to Milligan post office and the other the main line of travel 
between Adel and Cascade, on Missouri River, 15 miles to the north. 
Other roads connect with these main roads but are difficult to travel 
over even with a Ught wagon. 
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along both sides of Hound Creek from a point near its mouth on 
Smith River (Deep Creek) to the head of Elk Creek in the foothills of 
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In the course of the field work section comers were found with very 
little difficulty. Plane-table triangulation and mapping with tele- 
scopic alidade and stadia rod were also employed, so that a fair degree 
of accuracy was attained. Altitudes were obtained by aneroid- 
barometer readings based on the assumed altitude of Hoimd Creek 
bridge, in sec. 24, T. 17 N., R. 2 E. 

SXTBFACE FEATURES. 



The surface of the district is made up of high, rounded hills and 
broad slopes cut by streams into steep-sided valleys. For the most 
part the area borders a zone of mountain topography, but on the 
north it is adjacent to a more level country. The range of altitide 
is from 3,800 feet near the mouth of Hoimd Creek to about 7,200 feet 
in the southern part of the district. The average altitude of the 
field is about 5,000 feet, and the greatest difference in any one 
locaUty is 1,200 feet in three-fourths of a mile in sec. 22, T. 15 N., 
R. 1 E. Most of the streams have cut deep channels into the soft 
shale, and the more resistant limestones and sandstones make the 
valley sides steep and precipitous. The deeper valleys are from 300 
to 500 feet below the level of the bordering plains. Smith River is 
locally known as Deep Creek because it flows through a deep, narrow 
gorge in this part of its course. It crosses the northeast comer of 
the district and empties into Missouri River about 16 miles to the 
northwest. Hound Creek drains the larger part of the area, and its 
nxmierous mountain tributaries are fed by perennial springs. 

CTDXTUBB. 

There are few settlements in the Hound Creek district, the popula- 
tion averaging about six famihes to the township. Adel, the only 
post office, is maintained at a ranch house in the southwestern 
part of the district. The location of ranches is determined by the 
position of readily irrigable land or by proximity of range for stock. 
There is an abundance of water almost everywhere, so that except 
on the higher areas it is not very difficult to procure sufficient water 
for irrigatmg small tracts. 

Wagon roads generally are poor, but two regularly traveled roads 
cross the district from north to south. One is the stage road from 
Great Falls to MiUigan post office and the other the main line of travel 
between Adel and Cascade, on Missouri River, 15 miles to the north. 
Other roads connect with these main roads but are difficult to travel 
over even with a light wagon. 
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An electric power line from Great Falls to Butte has been con- 
structed across this region for the purpose of transmitting power 
from the falls of the Missouri. 



GENERAIi GBOIiOGY. 



SEDIMENTABY BOCKS. 



The rocks that crop out in the Hound Creek district belong to 
the Carboniferous, Jurassic, and Cretaceous systems, but detailed 
study was confined to the coal-bearing Kootenai formation (Lower 
Cretaceous). The stratigraphic position, characteristic features, age, 
thickness, and economic importance of the formations are given in 
the accompanying table: 

Geologic formations in the Hound Creek district. 



System. 


Series. 


Formation. 


Llthologlc character. 


Thick- 
ness 
(feet). 


Eoonomlo features. 


Quaternary. 




Alluvium.* 


SUt, day, and gravd. 


2-25 


Forms irrigable fer- 
tile tracts. 




oeous. 


Colorado .«ihale. 


Shale, dark, with beds 
of tough gray sand- 
stone. 


5250 


Contains sandstone 
which is resistant 
to weather and 
covers fields with 
loose slabs. 


CretaoeoDs. 

• 


Lower 
Creta- 
ceous. 


Kootenai formation. 


Sandstone, gray, and 
shale and day, red. 
sandy, with local 
beds of white lime- 
stone. The s a n d - 
stone predominates 
in the lower part, but 
the red shale and day 
constitute most of 
the upper part. Coal 
or shale bed 60 feet 
above base. 


400-600 


Contains locally a 
bed of coal. 


Cretaceous (?). 




Morrison (7) formation. 


Shale, variegated, and 
clay, containing sand- 
stone and limestone 
layers. 


200d: 


Contains limestone 
suitable for build- 
ing stone. 


Jurassic. 




Ellis formation. 


Sandstone, tough, drab 
colored, conglome- 
ratic in upper part, 
with some limestone 
underlying It. 


lOOd: 


ContainA sandstone 
and limestone prob- 
ably suitable for 
building stone. 


Carboniferous. 


Penn- 

sylvan- 

ian(7). 


u noQinioruUty 
Quadrant formation. 


Limestone, red, bluish, 
and flreenlsh calcare- 
ous shales and dav, 
and a bed of white 
sandstone near top. 


300± 


Contains limestone 
probably suitable 
for a flux or for a 
building stone. 




Hissls- 
rip. 
plan. 


Madison limestone. 


Limestone, massive, 
white to gray. 


M60-t- 


Contains abundance 
of limestone ivob- 
ably suitable for 
building stone. 



a Alluvial deposits in the Hound Creek district occupy small tracts in valleys. 
ft Exposed. 

43768**— BuU. 641—17 15 # 
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CARBONIFEROUS SYSTEM. 



Madison limestone. — Only the upper 150 feet of the Madison lime- 
stone is exposed in this field. It crops out in the gorge of Smith 
River, in the northeastern part of the district, and is the gorge-form- 
ing rock along that river for a number of miles above this area. It is 
also the most prominent sedimentary rock along the west slope of the 
Little Belt Mountains. 

Weed ^ ascribes a thickness of 1 ,000 feet to the Madison and divides 
it into three members — at the bottom the Paine shale, consisting of 
gray thin-bedded shaly limestones; in the middle the light-colored 
Woodhurst limestone, whose beds are separated by thin argillaceous 
layers; and at the top the massive Castle limestone. 

No special study was made of the Madison in connection with the 
work in the Hound Creek district, and no fossils were obtained from 
it, but collections made by Fisher ' in 1906 in the Great Falls field, 
and by Calvert ' in 1907 in the Lewistown coal field were determined 
by George H. Girty to be of Mississippian age. 

PEinrsTLVAinAv (i) berzeb. 

Quadrant formation, — ^The Madison limestone is overlain by the 
Quadrant formation. The lower two-thirds of this formation consists 
principally of red, bluish, and greenish calcareous or dolomitic shale 
with irregular bands of limestone. This shale rests upon the Madison 
limestone, and the change in lithology is so abrupt, from the Madison 
beds, laid down in a deep quiet sea, to the Quadrant beds, laid down 
in shallow water, that an unconformity is suggested, but no strati- 
graphic evidence regarding it has been obtained. The upper part of 
the Quadrant consists mainly of bluish compact massive or thin- 
bedded limestone. The formation received its name from Quadrant 
Mountain, in the Yellowstone Park, where it is well developed. 

The thickness of the Quadrant formation, according to Weed, 
ranges from 230 feet on Sixteenmile Creek, in the southwestern part 
of the Little Belt Mountains quadrangle, to 1,400 feet on Judith 
River, in the northeastern part of the quadrangle. Calvert * found 
it ranging in thickness from 425 feet to about 750 feet in the Lewis- 
town coal field, and Fisher ^ noted its absence from the section at a 
few locahties in the southern part of the Great Falls field, where, 
according to his statement, the Ellis formation lies unconformably 
upon the Madison limestone. At one locality in the Great Falls 

» Weed, W. H., U. 8. Geol. Survey GeoL Atlas, Little Belt Mountains folio (No. 66), 1899. 

« Fisher, C. A., Oeology of the Great Fallsooal field, Mont.: U. 8. Geol. Survey Bull. 356, 1909. 

« Calvert, W. R., Geology of the Lewistown coal field, Mont.: U. 8. Geol. Survey Bull. 390, 1900. 

4 Idem, pp. 15-17. 

» Fisher, C. A., op. cit., p. 25. 
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field (in sec. 34, T. 17 N., R. 3 E.) W. R. Calvert and the writer found 
about 190 feet of the Quadrant formation exposed. At this place a 
section was measured through the Quadrant formation, and fossils 
were foimd near the top and in the overlying Ellis formation. The 
fossils from bed 1 of the section (sec below) were determined by T. W. 
Stanton to be Osirea strigilecula White and Camptonectes sp., both 
Jurassic forms, whereas those from bed 3 of the section were found 
by George H. Girty to contain a single species which he determined 
to be MycMna arJcansana and which he assigns to the Quadrant. The 
Quadrant-Ellis contact therefore must be concealed in bed 2 of the 
section, so that the thickness of the Quadrant formation at this place 
can not be more than 196 feet and may be 25 or 30 feet less. 

Section ofQuadnmtformatum on Smith RiveTy in see. 34, T, 17 N., R.S E. 

1. Limestone, massive, irregular bedded (Ellis). Feet. 

2. Covered (Quadrant-Ellis contact) 36 

8. Limestone, thin bedded, and shale, with few fossils 15 

4. Limestone, bedded and massive, aigillaceous, with irr^ular layers 

of chert ; .' 11 

5. Shale, greenish, and thin beds of limestone 103 

. 6. Sandstone, white, saccharoidal. 4 

7. Partly covered ; red shale where exposed elsewhere 27 



196 



The quadrant formation is variable not only in thickness but also 
in character. Generally the lower half is more shaly than the tipper 
half, but red, blue, and green shales and clays occur at many levels 
and are replaced laterally by limestone beds. 

No especial study was made of the Quadrant in the Hoimd Creek 
district, so that but few fossils were collected. Those obtained from 
the upper part of the formation are listed below as determined by 
George H. Girty. 

Productus semireticulatus. 



Schizophoria? sp. 
Derbya kaskaskiensis. 
Myalina arkansana. 



Productus pileiformis. 
Productus sp. 



Mr. Girty states that the above forms "would not of themselves 
afford very satisfactory evidence for exact age determinations, but 
they seem to agree with more extensive collections from the same 
formation made by W. R. Calvert and me, which show that the 
fauna is very closely related to that of the interval of the Moorefield, 
BatesviUe, and Fayetteville formations of the Arkansas section, 
which have generally been regarded as upper Mississippian.'' He 
says, however, that there is a possibility that the rocks may prove 
to be of early Pennsylvanian (Pottsville) age. In areas to the south 
and southwest the Quadrant formation has yielded Pennsylvanian 
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fossils. In the absenco of conclusive fossil evidence, the beds belong- 
ing to the Quadrant formation in this area are doubtfully assigned 
to the Fennsylvanian series. 

JUBASSIO SYSTEM. 

Ellis formation. — Resting unconformably upon the Quadrant is the 
Ellis formation, made up of compact impure limestone and dull- 
colored sandstone. It has been described by Weed,* Fisher,' and 
Calvert.' 

The formation crops out in a narrow zone over a large part of the 
east side of the district and along the slopes bordering many of the 
streams, where the resistant beds of the formation have formed 
escarpments in many places. The Ellis, wherever observed in this 
area, lies unconformably on the Quadrant formation. 

The Ellis formation is almost as variable in thickness and lithology 
as the Quadrant. Where the full section is present the lowest part 
usually consists of compact limestone from 15 to 25 feet thick, and in 
places is separated from the upper part by a ted of calcareous shale. 
The upper member is usually a sandstone from 50 to 75 feet thick 
which is compact and locally conglomeratic in the lower part,' but 
thin-bedded or even shaly toward the top. 

The fossils collected from this formation, a list of which follows, 
have been determined by T. W Stanton to belong to the Ellis forma- 
tion (Jurassic). 



Astarte bp. 
Gamptonectes sp. 
Cyprina? sp. 
Gervillia? sp. 
Mytilus sp. 



Ostrea strigilecula White. 

Rhynchonella gnathophora Meek? 

Trigoniasp. 

Undetermined small pelecypods. 



CRETACEOUS (?) SYSTEM. 



Morrison (f) formation. — The strata here tentatively assigned to 
the Morrison formation (named by Eldridge * from the town of Mor- 
rison, near Denver, Colo.), consist of alternating beds of shale, sand- 
stone, and argillaceous limestone. They rest conformably on the 
imderlying Ellis formation and are overlain with apparent conformity 
by the Kootenai, though the line of contact between the two forma- 
tions is not well defined, and the similarity of their beds, both in color 
and in Uthology, makes it difficult to define the limits. In the Hound 

1 Weed, W. H ., and Pirsson, L. V., Geology and mineral reaouroes of the Judith Mountains of Mootaoa: 
U. S. Geol. Survey Eighteenth Ann. Rept., pt. 3, pp. 476-480, 189R. Weed, W. H., U. S. Geol. Survey 
Qeol. Atlas, Little Belt Mountains folio (No. 56), 1899. 

« Fisher, C. A., op. cit., pp. 27-28. 

» Calvert, W. R., op. cit., pp. 1^22. 

i Emmons, S. F., Cross, Whitman, and Eldridge, G. U., Geology of the Denver Basin in Colorado: U. & 
Geol. Survey Mon. 27, p. 60, 1896. 
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Creek district few good exposures of the Morrison ( ?) formation occur. 
The following section was measiired in this district: 

Section of Morrison (f) formation in the NE. J sec. 34 y T. 16 N,,R.S E. 

Kootenai formation. Feet 

Sandstone, hard, drab, shaiy 12 

Clay, soft, green; contains some sandstone concretions 17 

Sandstone, hard, brown to pink, calcareous 6 

Shale, soft, pink to red, alternating with bands of sandy and calcare- 
ous shale from 2 inches to 24 inches thick 115 

Ellis formation. 

150 

Fisher ^ mapped the beds overiying the Ellis formation as Morri- 
son because of their similarity to that formation in Colorado and 
Wyoming and also because they contain vertebrate fossils. This 
was the first recognition of the Morrison in Montana, although 
Weed and Pirsson,' in speaking of the beds above the Ellis formation 
say that " it is possible they may be equivalent to the Upper Jurassic * 
(Morrison formation) recognized in Colorado.'' Vertebrate fossils 
foimd in them by Fisher were provisionally identified by C. W. Gil- 
more as being of Jurassic age. Calvert ^ has also mapped the Mor- 
rison in the Lewistown coal field, and the meager fossil evidence 
obtained in that field seems to point toward the Jurassic age of the 
beds, but imtil more evidence is at hand the age of the Morrison can 
not be known with certainty. Although search was made at every 
opportunity, no fossils were obtained during the present work, and 
so this paper can add nothing toward the solution of the problem. 

CEETACEOUS SYSTEM. 
LOWSB CRBTACEOirS 8ERZE8. 

Kootenai formation. — The term Kootenai, derived from the name 
of a tribe of Indians in the Canadian Rockies, was proposed by Daw- 
son * in 1885 for beds that occur in that part of Canada, consisting of 
sandstone interbedded with shale and shaly sandstone, in which 
there are in places layers of conglomerate and a zone of coal bods. 

Two years later Newberry • correlated the coal-bearing beds of the 
Great Falls r^on with Dawson's Kootenai formation of the Canadian 
Rockies. The question of the age of the Kootenai and the application 
of the term in the Great Falls and Lewistown coal fields is fully dis- 
cussed in the bulletins by Fishpr and Calvert, already cited. 

> Fisher, C. A., op. dt., pp. 28-30. 

> Weed, W. H., and Pksson^ L. V., op. oit., p. 480. 

* The Morrison formation is now classed by the United States Geological Survey as Cretaceous (7). 

* Calvert, W. R., op. cit, pp. 2^-24. 

* Dawson, G. M., Roy. Soc. Canada Trans., vol. 3, sec. i, p. 2, 1885. 

* Newberry, J. S., School of Mines Quart., vol. 8, No. 4, p. 327, 1887. 
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The Kootenai of this area overlies the Morrison ( ?) fonnation with 
apparent conformity, and the beds of the two are lithologicaUy similar. 
Iliere is, however, a predominance of red shale in the Kootenai and 
fewer beds of limestone than in the imderlying formation. Measure- 
ment of the thickness of the Kootenai was rendered impracticable by 
the fact that the full section is not exposed in any one locality in the 
area. It is believed, however, that there is little variation in thick- 
ness from about 500 feet as measiured by Fisher in the Great Falls field. 

The formation is composed of red, blue, and gray shales and clays 
alternating with beds of sandstone and in the lower portion with thin 
beds of impure limestone. A coal bed is also present locally. The most 
prominent of the sandstone beds occurs about 60 feet above the base 
of the formation and is about 20 feet thick. This is the thickest bed 
of sandstone in the formation, and to its hardness is due much of the 
bench land as well as many of the loose rock slabs scattered over the 
surface. The coal bed, wherever present, occurs either immediately 
below or within 6 or 8 feet of the base of this sandstone. The beds 
below the coal zone consist of about 60 feet of alternating red and blue 
shales and thin beds of sandstone and impure limestone. The beds 
above the massive sandstone overlying the coal zone are composed 
of red, blue, and gray shales and clays alternating with gray sandstone. 
The red color predominates in the upper part of the formation and 
continues up to the base of the overlying Colorado shale. No dis- 
cordance of dips at the top of the Kootenai was observed. The Koo- 
tenai occupies a broad bench in the north-central part of the district 
and borders Hoimd Creek on the west, extending to the southwestern 
part of the area. It is also present in isolated areas in the eastern part 
of the district. In the mountains bordering the district on the south- 
west the Kootenai formation is present, but it is complexly faulted 
and occupies only a small portion of the surface. 

With the exception of one small collection of ferns which were too 
fragile to bear transportation and which were obtained from a carbon- 
aceous shale near the coal, no fossils were found in the Kootenai of 
this district, but in the Great Falls field an abundant flora of Lower 
Cretaceous age was found by Newberry,^ who used the fossil plants 
in correlating the Kootenai of this field with that of the Canadian area, 
and also by Fisher.' In the Lewistown field, farther east, Calvert* 
observed that fossils in the Kootenai are not abundant, and the same 
thing is true of the area under discussion. 

UPPER CRBTACEOirB SERIES. » 

Colorado shale, — The Colorado shale, the highest formation present 
in the Hound Creek district, overlies the Kootenai formation and is 

» Newberry, J. 8., op. dt., p. 327. 
* Fisher, C. A., op. clt., pp. 33-35. 
« Calvert, W. R., op. clt., pp. 28-29. 
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300 or 400 feet thick. It is composed of alternating beds of dark 
day and shale with interbedded pale-yellowshaly sandstone. The 
base of the Colorado is marked by a heavy sandstone from 15 to 30 
feet thick that is distinguishable from the sandstone of the Kootenai 
formation by its pale-yellowish color and finer texture; in fact, this 
color is fairly constant for all the sandstones of the Colorado in the 
region. The Colorado shale probably represents part of the beds 
originally described by Meek and Hayden as the Fort Benton shale. 
That term was derived from the name of a town on Missouri River 
about 40 miles below Great Falls, but the stratigraphic limits of the 
formation (now called Benton shale) are based largely on a section 
along Missouri River in northern Nebraska, where the Benton shale 
rests upon the Dakota sandstone and is overlain by theNiobrara lime- 
stone. The Niobrara is not separable m this region, and conse- 
quently the group term Colorado is used, Benton not being appro- 
priate. 

The exposures of the Colorado shale in this district are so poor that 
fossils were obtained at but one locaUty, in the bed of West Hound 
Creek, in the NW. } sec. 11, T. 15 N., R. 1 E. These fossils as deter- 
mined by T. W. Stanton are Anchura sp., Inoceramus lahiatua Schlo- 
theim, and Lingula sp., all referred by him to the Benton. 

QUATERNARY SYSTEM. 

No attempt was made in the Hound Creek district to map Quater- 
nary deposits, for they are confined entirely to narrow beds of gravej 
along the streams and to very small alluvial deposits. 

IGNBOUS BOCKS. 

There are no crystalline rocks in the Hound Creek area except 
along the west and southwest sides. The high ridges bordering the 
area for nearly its entire length along the west side are hills of igneous 
rocks. Radiating from this igneous mass are numerous dikes and 
sills, most of which are small and composed of basic rocks. Little 
time was given to the study of these rocks, however, for they lie 
mostly outside of the area occupied by the coal-bearing formation. 

The Colorado shale, through which the dikes cut, is not extensively 
altered. Alteration is confibaed usually to a few inches on each side 
of the dikes and is noticeable along a zone a few feet thick in contact 
with some of the igneous masses. 

Specimens were collected from a few of the dikes and sills, and 
examined by E. S. Larsen, who describes them below. 

Specimen 6, trachydolerite. — From a dike cutting the Colorado shale 
in sec. 31, T. 15 N., R. 1 E. The dike is about 2i feet thick and is 
traceable for about half a mile. 
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In the hand specimen thia rock ifi dense and dark green. The numerous dark- 
green augite crystals, some vi which are a centimeter in length, break out cleanly 
from the matrix. Small lenses of white fibrous natrolite occur. Analdte is present 
in rounded grains. The groundmass is finely crystalline and shows numerous cleavage 
faces of feld^)ar. The thin section reveals rather abimdant phenocrysts of augite, 
feldspar, and analcite in a holocrystalline groundmass. This groundmass consists of 
feldspar laths, biotite, augite, and altered olivine. Accessory apatite and iron ore 
and secondary natrolite, calcite, and chlorite are present. The feldspar phenocrysts 
are labradorite and bytownite, and nearly all of them have a rather broad border of 
orthoclase; those of the groundmass are mainly orthoclase, though they likewise have 
a core of labradorite. The plagioclase core of the feldspar is always much altered, 
but the border is fresh. The analcite is probably primary and occurs as poorly de- 
veloped crystals, many of which are pierced by orthoclase laths. The olivine is altered 
to a green pleochroic mineral with the optical properties of iddingsite. The rock b of 
rather basic character and is rich in the femic minerals and the alkalies. It belongs 
to the trachydolerites of Roeenbusch. 

Specimen S. — From a dike about 5 feet wide in the bed of West 
Hound Creek, in sec. 11, T. 15 N., R. 1 E. 

This specimen is a dense dark-green rock with abundant large euhedral crystals of 
pyroxene and some small crystals of feldspar in an aphanitic groundmass. Micro- 
scopic examination shows that the rock is porphyritic and contains numerous laxge 
crystals of pyroxene, now replaced by calcite and chlorite, and about an equa) amount 
of labradorite in a fine-textured altered groimdmass, which consists of minute feldspar 
laths with nearly parallel extinction, abundant grains of iron ore, and secondary 
calcite, chlorite, etc. The groundmass probably consisted originally in the main of 
alkali feldspar, augite, iron ore, and glass. The rock is very similar to that repre- 
sented by specimen No. 5, although it is finer textured and more altered. It sh<Hild 
probably also be called a trachydolerite. 

* Specimen 4, soda syenite porphyry. — From the largest dike in the 
Hoimd Creek area. The dike occurs in sec. 2, T. 15 N., R. 1 E., and 
is about 60 feet thick. It forms a prominent ridge wall about three- 
fourths of a mile long and from 20 to 60 feet high. 

This is a dense, rather light gray rock, which has scattered phenocrysts of hornblende 
and feldspar in a very fine textured groundmass. The thin section shows a few pheno- 
crysts of oligoclase-albite and still fewer of a greenish amphibole in a groimdmass 
which consists largely of stout prisms of albite and oligoclase with some orthoclase 
and pyroxene and a very little interstitial quartz. Apatite and iron occur as accessory 
minerals. The amphibole has an extinction angle (approximately Z A c) on the cleavage 
face of 18° and a maximum index of refraction of about 1.70. It is probably an alkali 
variety. The pyroxene occurs in small grains. It is pale green and faintly pleochroic. 
The extinction angle could be measured only approximately, but the measurement 
gave as a maximum value ZA c=28°. The texture of the groundmass might be called 
coarsely trachytic. The rock is fairly fresh, though the feldspars are dusted with 
alteration products and large parts of the femic minerals are changed to a brown 
chloritic material. The texture is rather coarsely porphyritic and the rock is a soda 
syenite porphyry. 

Specimen 5, syenite, — From a sill a few feet thick that crops out in 
the east bank of Hound Creek in sec. 19, T. 14 N., R. IE.: 

This specimen is a rather light green fine even-grained rock. It consists laigely of 
'^oclase, but there is conaidorable altered augite and biotite, some plagioclaae, and 
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a little quartz. Long needles of apatite are prominent; tltanite and iron ore ore 
Bparingly present; secondary calclte, chlorite, and uralite are rather abundant. The 
plagioclase occurs as the core of the orthoclase crystals. The orthoclase is probably a 
variety rich in soda, as it has a maximum index of refraction of about 1.53. The 
texture is hypidiomorphic granular and the composition is that of a syenite. 

STBUCTUBB. 
BfAJOB FEATURES. 

The availability and extent of coal in any field are directly related 
to the structure. Since the period when the coal-bearing beds were 
deposited in this region there has been, first, the deposition of several 
hundred feet of Upper Cretaceous strata, then an epoch of mountain 
building which residted in the uplift of the Little Belt and Big Belt 
mountains and elevated the area above the sea. During or after 
this epoch intrusions of igneous rocks occurred, and possibly at the 
same time the faulting and folding of the Hoimd Creek district was 
b^un. Then followed the degradation of the land to the present 
surface. All these factors have contributed to produce the present 
structure of the rocks. 

The area considered in this report lies between the north ends of 
the Big Belt and Little Belt mountains and extends from the flanks 
of the latter range on the east to the base of the former on the west. 
The strata lie in a low monocline dipping away from the moimtains 
toward the northwest. This monocline is broken in many places by 
faults and folds, and though the beds dip locally ui almost any direc- 
tion, the average dip is about 4*^ or 5*^ NW., but as the plains country 
is approached the dips flatten. 

The Little Belt Mountains constitute a broad, flat-topped anticline 
of sedimentary rocks cut up into smaller ridges by subsequent ero- 
sion. The steeply dipping sides of this anticline form the slopes of 
the moimtain range, and the more gently dipping beds extending out 
from it toward the west are the bench lands of the Hound Creek dis- 
trict. There are few faults and local folds associated with the Little 
Belt Mountains anticline. 

From the complexity of the structure along the northeast border 
of the Big Belt Mountains, where faults are very nimierous and where 
igneous rocks have in many places been thrust up through Paleo- 
zoic beds, the formation of these mountains was apparently accom- 
panied by more complex disturbances than in the Little Belt 
Mountains. The beds of the Hound Creek area, though more 
faulted, also dip away from the Big Belt Mountains. The number and 
magnitude of faults increase toward the moimtains, which suggests 
that the faults are directly related to the disturbances connected 
with mountain building. 
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FOLDS. 

In the Hound Creek district there are several small folds of the 
strata which are parallel to one another and to the faults of the field, 
and which strike northwest. Perhaps the most prominent anti- 
cUne is in the extreme southwestern part of the district. Here the 
folding was so sharp that a thrust fault residted, in which the beds 
on each side dip away from the faiilt zone. Although the fault line 
was not actually observed, it is known to be present because the 
Kootenai formation and the Colorado shale are ahnost in contact with 
the Quadrant formation. In the valley of EJlk Creek, in sec. 34, 
T. 14 N., R. 1 E., the anticline is less sharp and seems to pitch and 
die out, but from this place eastward the beds are covered, so that 
it was impossible to decipher the structure in detail. North of the 
faiilt above referred to and forming a rather broad valley is a syn- 
cline, the axis of which enters this district in the SE. } NE. } sec. 
25, T. 14 N., R. 1 E., and extends westward through sees. 25 and 26, 
where it bends toward the northwest and trends in a nearly direct 
line to the boimdary of the district near the SW. } sec. 6, T. 14 N., 
R. 1 E. At the east side of the district this syncline is very narrow 
and pitches westward. It becomes broader toward the west until 
it is about 4 miles across at the west side of the field. The greater 
part of the surface rock included in this syncline is the Colorado shale, 
which is bordered on either side by the Kootenai. The beds dip 
irregularly toward the axis of the syncUne at angles varying from 
a very sUght amount to 50° or 60**. 

At the east edge of the district, in the NE. } sec. 34, T. 16 N., R. 
3 E., an anticUne is exposed where it crosses a north-south ridge. 
The fold could not be traced beyond the ridge, but rather strong 
local dips toward the north were observed in the NW. } sec. 34, and 
the beds to the south, in sec. 5, T. 15 N., R. 3 E., dip 15*^-35'* S., so 
that the broad valley of Clark Creek in sees. 28, 29, 32, and 33 is 
beUeved to be in part at least an anticlinal valley. 

In sees. 11 and 12, T. 16 N., R. 1 E., there is an anticline which 
seems to replace a fault from the southeast. This anticline is 
observable for less than a mile in a northwesterly direction. It 
brings the Kootenai formation to the surface in an outcrop which is 
entirely surrounded by the Colorado shale in such a way that an 
elongated dome is suggested. The exposures are sa incomplete that 
the structure could not be determined with certainty. 

A syncline on the south side of the fault in T. 16 N., R. 2 E., 
extends from the SE. \ sec. 35 to Hound Creek in sec. 27. It pitches 
northwestward parallel to the fault and not more than a mile distant. 
The dips on the two sides of the syncline range from nearly horizontal 
to 20° or 30.*^ 
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FAULTS. 

The Hound Creek district is much faulted, particularly in the 
southwestern part. The principal faults are of the overthrust type, 
normal faults being confined principally to those of lesser throw. 
Faulting has brought the hard rocks of the Quadrant and Ellis forma- 
tions to the surface in places, and from their greater resistance to 
weathering escarpments have been formed. 

Carter branch fault, — A fault enters T. 16 N., R. 2 E., in sec. 36 and 
leaves it in sec. 7. It crosses Hound Creek near Carter ranch, in 
sec. 21, and for this reason is termed the Carter ranch fault. The 
fault curves to the west and dies out near the township line, on the 
west side of sec. 7. This fault displaces the beds about 700 feet at 
the place of its maximum throw, in sees. 26 and 27, where the Quad- 
rant is brought up against the Kootenai along the south side of the 
fault line. Partly on account of the westerly dip and partly because 
of the difference in amount of throw, which has produced a stronger 
westerly dip on the south side, the faidt has offset the Kootenai- 
Colorado contact about 3 miles. On the north side of the fault this 
contact is in the valley wall on the west side of Hound Creek in sec. 
21, T. 16 N., R. 2 E., but on the south side it is in sec. 12, T. 16 N., 
R. 1 E., over 4 miles farther west. The strata dip in general away 
from the fault at angles of 70*^ to 90*^ on the upthrown side but less 
steeply on the downthrown side. This fault, like the other great 
faults farther southwest, is probably of the thrust type, although the 
evidence along the fault plane is not conclusive. However, as it is 
parallel to others which are known to be thrusts, and as it also seems 
to have resulted from a broken fold, it is believed to be a thrust 
fault. 

Oreen ranch favJis. — ^Two faults cross East Fork of Hound Creek 
just above the Green ranch. They are best exposed in the valley 
walls, where they are about a quarter of a mile apart, but they 
converge on the hill about half a mile northwest of Hound Creek. 
They continue roughly parallel in a southeasterly direction. The 
northern one dies out in Crooked Creek valley near the west side 
of sec. 12, T. 14 N., R. 1 E., and the other extends to the southeast 
border of the district in sec. 19, T. 14 N., R. 2 E. Although the 
fault line is not exposed farther northwest than the top of the hill 
near the township line, the fault continues in this direction as much 
as 2 miles and forms the escarpment south of Adel. These are thrust 
faults, in which the fault plane dips southwest, toward the upthrow. 
In the hillside on the north bank of Hound Creek limestone of the 
Quadrant formation is thrust up over sandstone of the Colorado. 
Tbjd succession of beds as exposed here is Kootenai and Colorado 
below (downstream from the east fault) ; Quadrant, Ellis, Morrison ( ?), 



228 CONTBIBUTIONS TO ECOKTOMIC GEClOGY, 1916, PART II. 

and Kootenai between the two faiilts; and Quadrant, Ellis, Morrison (?), 
Kootenai, and Colorado west of the upper fault. Between the two 
faults Quadrant, Ellis, Monison(?), and Kootenai occur in narrow 
zones and dip southwest at an angle of about 40^. The maximum 
displacement of beds by these faults occurs in sec. 3, T. 14 N., E. 1 E., 
and is probably about 1 ,000 feet. The offset of the Kootenai-Colorado 
contact is nearly 4 miles from sec. 3, T. 14 N., R. 1 E., to sec. 30, 
T. 15 N., R. 1 E. The dips on both sides of these faults are southwest 
and range from S*" or 6"" to 40*" or 50°. 

Crooked Creek fauU, — ^The Crooked Creek fault is best developed 
in sec. 24, T. 1 4 N., R. 1 E. It enters the Hound Creek area at the east 
side of the section on Crooked Creek, strikes in a northwesterly direc- 
tion, and dies out gradually within about 2 miles. It is apparently 
a thrust fault, as the Quadrant-Ellis contact on its south side is brought 
up against the Kootenai. The maximum throw is about 400 feet, and 
the base of the Kootenai formation is offset about 2 miles. 

FauUs near EOc Creek. — Fault near the Northern Pacific coal 
prospect, in sec. 15, strikes in a northwesterly direction. For about 
half a mile on each side of Elk Creek this fault is very prominent, but 
beyond this stretch it can not be made out. The beds on the north 
side of the break dip at a low angle southward into the fault; those 
on the south side dip 40°-74° S. The fault plane dips at a high angle 
to the south. The fault is normal and has a downthrow of about 150 
feet to the south, which brings the base of the Morrison (?) against 
the Quadrant. 

Near the head of Elk Creek, in sees. 3 and 4, T. 13 N., R. 1 E., are 
two parallel faults about a quarter of a mite apart. These are both 
thrust faults which strike in an easterly direction and dip about 60° S. 
The fault planes are parallel to the bedding planes and the throw on 
both planes has brought the Quadrant against the Kootenai. These 
faults extend about half a mile on each side of Elk Creek, being 
terminated by an igneous mass on the east and merging into more 
complex faults on the west. 

ECONOMIC GEOLOGY. 

BESOUItCES. 

Coal is present locally in the area under discussion, and there is an 
abundance of sandstone in the Ellis, Kootenai, and Colorado forma- 
tions and of limestone in the Quadrant and Madison formations, which 
might be used for building. It is probable that calcareoiis shale, 
with the proper proportions of lime and clay to make Portland cement, 
could be fomid in the Quadrant. No metallic minerals are known to 
occur in the Hound Creek district. 
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THB COAL. 
OCCURBENCE. 

Coal occurs locally in this district iii a zone about 60 feet above the 
base of the Kootenai formation in close association with a thick bed 
of sandstone. The work of the United States Geological Survey in the 
Great Falls coal field in 1906 and in the Lewistown field in 1907 has 
shown that coal does not occur regularly throughout the region, the 
coal zone being in places either occupied by a very thin seam embed- 
ded in carbonaceous shale or entirely replaced by shale. This irregu- 
larity was found also in the Hound Creek district. 

Just north of the Hound Creek district, on both sides of Hound 
Creek, in T. 17 N,, R. 2 E., and along McMullm Creek, in T. 17 N., 
R. 3 E., there is a coal bed averaging about 4 feet in thickness, and 
two mines are in operation in sec. 24, T. 17 N., R. 2 E., where about 
2,000 tons is taken out annually for local consiunption. These 
mines are described by Fisher^ imder the heading *' Smith River 
mines." It is believed that the coal pinches out within a short 
distance south of these mines, for in a prospect along McMullin 
Creek, in the SW. i sec. 31, T. 17 N,, R. 3 E., the coal changes from a 
bed 3 feet thick at the entrance of the prospect to a thin film in the 
face of the entry, and in the NW. i sec, 6, T. 16 N., R. 3 E., the 
sandstone immediately above the coal zone shows prominent cross- 
bedding, giving evidence of shore conditions and strong currents. 
Only carbonaceous shale could be found at the coal horizon along 
the west side of Hoimd Creek in T. 15 N., R. 2 E., and in the southern 
part of T. 16 N., R. 2 E. The only coal observed more than 6 or 8 
inches in thickness occurs in two prospects on Elk Creek. 

In the area along Elk Creek the Northern Pacific Railway Co. 
prospected for coal in 1905, but most of the openings have since 
caved. That this company found no coal which it considered of 
economic value is indicated by the fact that the land was offered 
for sale as agricultural land. There are two prospects which were open 
at the time the field examination was made, however, one in sec. 15, 
T. 14 N., R. 1 E., and the other m sec. 3, T. 13 N., R. 1 E. The one 
in sec. 15 was open 40 feet down a dip of 47° S. The following section 
was measured here: 

Section of coal bed in sec. IJ, T. 14 N.y R. 1 E. 

Ft. in. 

Shale 2 4 

Coal, fair quality 1 9 

Shale, carbonaceouB 2 8 

Coal, very impure 6 10 

Shale, carbonaceous. ■ 

13 7 

» Fisher, C. A., op. clt., pp. G6-CT. 
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East of this prospect the coal bed approaches a fault and increases 
in dip until an angle of 74° is reached. Then for a short distance the 
coal bed is cut out, but it reappears and the heavy sandstone above 
it is traceable around the synclinal trough in sec. 25. 

Near the head of Elk Creek, in sec. 3, T. 13 N., R. 1 E., there are 
two prospects, one on each side of the stream. The one on the west 
side was full of water at the time of visit and so could not be entered, 
but the one on the east side was open for a distance of about 60 feet, 
and the coal was f oimd to be 7 feet 6 inches thick with roof and floor 
not exposed. The coal is much crushed, however, and dips 61® S. 
The coal undoubtedly terminates on the east at the igneous mass 
in sec. 2. West of tie prospect the structure is very complex and 
the rocks are largely covered to the foot of a mesa of igneous rock. 
Whether the coal is present south and west of this place the writer 
was not able to learn, but the heavy sandstone that comes near the 
coal horizon was observed at two or three places high in the hills. 

CHARACTER. 

No samples for analysis were taken in the Hoimd Creek district, 
because only weathered coal could be obtained. However, a sample 
was taken by the writer from the Gibson mine, on Hound Creek, 
just north of the area, and according to the Pishel mortar test^ 
some of it possesses coking properties but other pieces do not. 

The mortar test was worked out by Pishel while engaged in the 
study of the physical properties of coal in the United States Geolog- 
ical Survey. He foimd that coals known to possess coking qualities 
adhered to the sides of the mortar and to the pestle on being pulver- 
ized, whereas noncoking coals adhered very slightly or not at all. 
Suflicient experiments have not yet been made to prove that this test 
is absolutely reliable, yet it is probably more certain than the ordinary 
field method of testing in a pit. 

Fisher ^ states that *' Certain benches of the coal of the Great Falls 
field possess coking properties. Formerly a number of coke ovens 
were operated by the Anaconda Copper Mining Co. at Belt. The 
separation of coking from noncoking coal, however, was too expen- 
sive to render the work profitable, and they were abandoned." 

As the sample above referred to was obtained in the ordinary man- 
ner, by making a cut entirely across the bed, the fact that some pieces 
of this sample show coking properties and other pieces do not would 
indicate that the coal bed here, as in the Belt district, contains benches 
which might be coked. Samples collected by Fisher ' in 1906 from 

1 Pishel, M. A., A practical test for coking coals: Econ. Geology, vol. 3, No. 4, pp. 26&-275, Jim^-Jiily, lOOS. 
« Fisher, C. A., op. cit., pp. 80-81. 
» Idem, p. 80. 



GEOLOGY OF IIOUXD CREEK DISTRICT, MONT. 231 

mines near the mouth of Hoimd Creek show the coal to average about 
10,500 British thermal units, and from the analysis and physical 
properties he states that the coal is medium-grade bitimiinous. 

FUTURE DEVELOPMENT. 

It is highly improbable that the Hound Creek district will ever be 
an important coal-mining center because the coal probably does not 
occur in sufficient quantity and is too impure to justify the establish- 
ment of a plant to mine coal for shipment, even if transportation 
facilities were available. At present the nearest railroad is the 
Helena-Great Falls branch of the Great Northern Railway, which is 
about 20 miles to the northwest. The known amoimt of coal will 
certainly not warrant the extension of the Great Northern Railway 
into the Hoimd Creek district on that accoimt alone, and the other 
resources of the district are too meager to bring about in the near 
future a betterment of transportation facilities. Development of the 
coal, therefore, will probably be dependent on purely local demand. 



ANTICUNES IN CENTRAL WYOMING, 



By C. J. Hahes. 



INTRODITCnON. 



The area herein designated central Wyoming, as shown in ^ure 16, 
covers nearly 5,000 square miles in Natrona and Fremont counties 
west of Casper and southeast of Lander, and includes no proved oil 
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fields. This area was investigated primarily to ascertain the pos- 
sihilities of oil, and as a result it was found that the Carboniferous 
and Cretaceous formations which produce oil in other Rocky Mountain 
fields are well developed in central Wyoming and in places the oil seeps 
fnnu them, but that in only a few places are these formations covered 
43768°— Bull, 641—17 16 ''aa 
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by impervious shale and within reach of the drill in folds favorable 
for the accumulation of oil and gas. The favorable folds are the Pine 
dome, the Oil Mountain anticline, the anticlines between Poison 
Spider and South Casper creeks, and the Emigrant Gap, Iron Creek, 
North Casper Creek, and Bates Hole anticlines, but even these most 
favorable folds may be barren of oil. The Cretaceous oil sands are 
below the surface in the Big Sand Draw anticline, in the anticline 
southwest of Powder River, and in the dome ( ?) on Wallace Creek, 
but each one has some disqualifying features. The oil-bearing for- 
mation may be too far below the surface to be easily reached by the 
drill, or the anticline may be incomplete — that is, the axis may pitch 
in one direction only, allowing any possible oil that the sand may have 
originally contained to migrate upward along the strata to the surface 
and to escape, either during the period of erosion prior to the deposi- 
tion of the flat-lying variegated Tertiary beds that rest on the trun- 
cated edges of the folded Cretaceous and Carboniferous formations or 
during the present erosion period. 

The area is in the Wyoming lowlands of the Rocky Moxmtain divi- 
sion of the United States, and is one of varied character, as it includes 
mountains, high escarpments, plateaus, badlands, and some laige 
streams, but even though the area lies across the backbone of the 
Rocky Mountains and extends nearly to the Continental Divide, it is 
devoid of lofty snow-capped peaks. It is a natural pass over the 
mountains where the altitudes range from a little over 5,000 to 8,210 
feet. This pass was chosen by the pioneers journeying overland to 
California and other parts of the far West. The Laramie Mountains 
border it on the southeast, the foothills of the Bighorn Moim tains ex- 
tend into the northeast part, and the Ferris, Pedro, Freezeout, and 
Seminoe mountains lie to the south. Sheep Mountain, on the western 
edge of the field, forms a part of the foothills of the Wind River Moim- 
tains. Crooks Mountain and Green Mountain are situated along the 
southern border and the Granite Mountains, in the middle-southern 
part of the area, are bare rugged granitic masses rising to an altitude 
of 8,040 feet in Hayden Peak, about 2,000 feet above the Sweetwater 
Valley. Sweetwater River unites with the North Platte in the Path- 
finder reservoir, and the North Platte crosses the extreme southeastern 
part of the area and flows eastward into the Missouri. Twin Creek, 
which drains the northwest comer, flows into Little Popo Agie River, 
a tributary of Wind tliver. Beaver, Conant, Deer, and Muskrat 
creeks flow northward into Wind River and eventually into the Mis- 
souri by way of Bighorn and Yellowstone rivers. Wallace Creek, an 
upper tributary of Powder River, flows northeastward and eventually 
into the Yellowstone. The Rattlesnake Mountains, which rise 8,210 
. feet above sea level in the middle of the area, with the Sweetwater 
escarpment, form a part of the divides between these river systems. 
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The area may be reached from the east by the Chicago & North- 
western and Chicago, Burlington & Quincy railways, which cross the 
northern part of the area, or from the south by journeying 50 miles 
overland from Rawlins or other stations on the Union Pacific Rail- 
road. The coimtry is so sparsely settled and the land is so rough 
that many of the wagon roads are mere trails and usually follow of 
necessity the easiest route between towns or between some rafich 
and the nearest town on a railroad. Intricate badlands and other 
uneven features make travel difficult and haulage slow and unfit 
the land for agriculture. 

Prospectors have been ttttracted by the indications of oil about 
the anticlines, but the rough land, the scarcity of permanent streams, 
and the remote location of good springs and fuel have controlled 
the location of drilled wells to the extent of preventing the prospect- 
ing of some of the more favorable parts of the anticlines for oil or 
gas. In addition to high freight rates there are excessive charges 
for teaming overland to the wells, most of which are from 10 to 30 
miles from a railroad. 

The subbituminous coal beds west of the Pine and Oil mountains, 
east of the Rattlesnake Mountains, north of the Dutton anticUne, 
east of Alkali Butte, and on Big Sand Draw are available for fuel 
in these localities, but in the eastern part of the area coal beds are 
absent and other sources of fuel must be found. In the northeast 
comer of the area oil is available from the Salt Creek field by a 
day's haul, and in the eastern part by a similar haul from Casper. 
Timber is scarce, and most of the trees are scrub pine and cotton- 
wood. The better timber is restricted to the higher mountains. 

Prospecting for oil and gas in central Wyoming, because of the 
surface conditions outlined above, is expensive. 

The geologic work upon which this report is based was begun in 
July, 1913, and completed in the autumn of 1914. 
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WATER SUPPLY. 

Sweetwater River unites with the North Platte in the great Path- 
finder reservoir, which stores water during the flood seasons for 
irrigation in eastern Wyoming and western 'iS^Xyt^i^^'ft., ^Y>Kv^s«k tc^^sc^ 
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and most of the creeks near their sources contam running water 
throughout the year, but the smaller creeks flow only early in 
the spring or after heavy showers. Even Powder River during the 
summer goes dry along most of its course, and though Beaver Creek 
supports trout above Hailey it runs dry farther down. As the 
precipitation averages only about 10 inches a year and usually falls 
in heavy showers the area is in the semiarid belt. Throughout the 
region there are many springs of good water, as well as many in 
which the water is exceedingly alkaline. The abimdance of springs, 
together with the number of running streams, makes the country 
locaUy well watered and admirably adapted to stock raising. There 
is a large warm spring flowing good water at the head of Horse Creek, 
in sec. 35, T. 32 N., R. 86 W.; hot water rich in mineral salts issues 
from the gorge in the banks of North Platte River just above Alcova; 
and a big spring of excellent water in sec. 15, T. 32 N., R. 81 W., is 
used to irrigate about 1,000 acres of the Bessemer flats. The Big 
Sulphur Springs, in sec. 5, T. 38 N., R. 83 W., are locally well known. 
There is also warm water issuing from the sides of Beaver Gorge, 
about 4 miles above Hailey, in T. 30 N., R. 97 W. The Warm 
Springs, near the center of T. 29 N., R. 95 W., and Happy Springs, 
in the southeast comer of the same township, are valuable. Dams 
are built by ranchers in the dry. valleys to pond the run-off of heavy 
showers and thus make it available for stock. This practice is 
followed also by oil companies to obtain water for drilling operations. 
At times, however, water for drilling must be hauled or piped from 
some distant creek or spring. 

All the deep wells in this area have found artesian water in the 
sandstones. This fact and the presence of large springs indicate 
that artesian water may be obtained in many parts of the area where 
the structural and topographic conditions are favorable. 

The Lower Cretaceous conglomerate is the principal water-bearing 
formation and usually furnishes a strong sulphur water. The sand- 
stones in the other formations generally contain water in less quan- 
tity, because they are less continuous and less uniform in thickness 

and texture. 

OBJECT OF THE SURVEY. 

The examination of central Wyoming was imdertaken to deter- 
mine whether or not the region contains anticlines or other folds 
favorable for the accumulation of oil and gas and also the number 
and occurrence of oil sands. If favorable folds are present, the next 
important question is whether the oil-bearing sands are sealed below 
impervious rocks in those folds so as to hold the oil and gas or whether 
those sands have been exposed by erosion, allowing the oil and gas to 
escape. 
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The table facing page 238 illustrates the fact that in most of the 
Rocky Mountain oil fields the oil seeps and productive sands are 
confined chiefly to Cretaceous strata. The occurrences outside of 
the Cretaceous so far discovered have proved of minor economic 
importance. 

The Wall Creek sandstone, the uppermost sandstone member of 
the Frontier formation, is the main productive sand at Salt Creek 
and the oil has a gravity of 0.82 to 0.85. Some oil having a specific 
gravity of 0.909 is obtained at Salt Creek in the Shannon sandstone 
lentil of the Steele shale, and some is also obtained in the Niobrara.^ 
In the Grass Creek field the middle part of the Frontier formation 
bears oil, and along Shoshone River gas is obtained from the upper 
part of the Cloverly and some oil from sandstones in the Thermopolis 
and Mowry * shales but most of the oil (specific gravity 0.833) comes 
from a sandstone in the lower part of the Thermopolis shale. 

At Greybull," in the Peay anticline, gas and a light-gravity oU 
occur in the Eamball sand of the Mowry shale and in the top of the 
Cloverly. In the Torchlight dome at Basin a light oil of 0.7955 
gravity occurs in the Peay sand of the Frontier formation, but in the 
Lamb anticline a heavy oil of 0.889 gravity occurs in the Kimball 
sand and the Peay sand, and gas occurs commercially in the Peay 
sand and in traces only in the Torchlight, Muddy, and Eamball 
sands.^ 

At Elk Basin gas and a light-gravity oil occur in sands (Frontier) 
of Benton age, and at Byron oil occurs in the Frontier and gas in the 
Cloverly! 

At Spring Valley a light oil of 0.82 gravity occurs most abimdantly 
in the Aspen shale, and to some extent a heavy oil occurs in the Bear 
River and Frontier formations. The Wasatch produces oil at both 
Spring Valley and Labarge, but according to Veatch " and Schultz • 
the Wasatch oil has migrated from the underlying Aspen shale. 
Sandstone in the Graneros shale at Moorcroft has produced the Uttle 
oil obtained there,^ which has a specific gravity of 0.919. 

At Douglas the top of the "Cloverly" (Dakota?) produces some 
oil, and the sands (Frontier) of Benton age, both oil of gravity 0.843 
to 0.93 and gas, but most of the commercial product comes from the 

> Wcgemann, C. H., The Salt Creek oil fleld, Natrona County, Wyo.: U. S. Geol. Survey Bull. 452, pp. 
S7-88, 1911. 

• Hewett, D. F., The Shoshone River section, Wyo.: U. S. Qeol. Survey Bull. 541, pp. 8(^113, 1914. 

• Hintie, F. F., Basin and Oreybull oil and gas fields: Wyoming State Geologist's Oflioe Bull. 10, p. 45, 
'lQ14[lQ16|. 

• Lopton, C. T.y on and gas near Basin, Big Horn County, Wyo.: U. S. Geol. Survey Bull. 621, pp. 
1A7-100,101«. -^ 

• Veatch, A. C, Geography and geology of a portion of southwestern Wyoming, with special reference 
to coal and ofl: U. 8. Geol. Survey Prof. Paper 66, p. 158, 1907. 

• Sehnlts, A. R., The Laharge ofl field, central Uinta County, Wyo.: U. S. Geol. Survey Bull. 340, 
p. 364, 1908. 

T Bamett,V. H., The Moororoft ofl field and Big Ifuddy dome, W^.-. T5 . ^. Qtw\.^\sr3v^ ^xi!\.\»\^ 
pp. 8a-117, 1914. 
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Whito River formation. According to Bamett,* however, the gas 
and oil obtained from the White River has probably been derived 
from the miderlying beds of Benton age or from the "Cloverly" and 
is secondary in the White River. 

At Lander, in the Big Popo Agie field, the oil at the Washakie oil 
spring and in the Plimkctt well and other wells near by in the north 
end of the anticline is derived from the Mowry shiJe.' It has a 
gravity of 0.812. The heavy dark-brown oil (specific gravity 0.9+) 
comes from the Embar (Pennsylvanian to Lower Triassic) and CShug- 
water (Triassic) formations. 

From this brief summary it is evident that the best oil (specific 
gravity 0.7955 to 0.856, or 45.98'' to 33.5° Baumfi) produced in paying 
quantities in the Wyoming fields is obtained from the Cretaceous 
rocks, and chiefly from beds of Colorado age, though much comes 
from beds of Montana age. A small quantity of oil of lower grade 
(specific gravity 0.9198 to 0.9091, 22.2'' to 24'' Baumfi) comes from 
the Embar beds. 

As the Lander field, in which the only notable quantity of oil comes 
from the Embar formation, joins on the west the area treated in this 
report, it seems reasonable to consider carefully any anticline or 
dome in this area in which that formation is sealed beneath impervi- 
ous rocks and within reach of the drill. Any anticline or dome 
where the important oil-bearing formations of the Oetaceous are 
closed beneath thick beds of shale should be considered still more 
carefully. 

The accumulation of oil and gas in all the productive fields of 
Wyoming, except Spring Valley and Douglas, is controlled by anti- 
clinal folds. At Spring Valley the oil accumulates in a sjmcline — ^the 
reverse fold of an anticline — probably because the rocks are not satu- 
rated with water, a condition which allows the oil by force of gravity to 
seek the low places in the downfold or syncline. 

In central Wyoming the wet porous sands occur between impervious 
shales. Where oil-bearing formations imder such conditions have 
been folded the anticlines and domes have been found to be the 
favorable places for the retention of oil and gas, presumably because 
oil and gas, being lighter than water, are floated and forced to the 
crests of the anticlines and domes, or at least as far up as the water 
has any head. If, as is the case in many of the anticlines in central 
Wyoming, erosion has removed parts of the oil-bearing formations, 
the oil and gas have had ample chance to escape and there is little 
possibility of their retention. In such places indications of oU occur 
as seeps along the outcrop of the sandstone. Wdls drilled down the 

1 Barnett, V. H., The Douglas oil aDd gas field, Converse County, Wyo.: U. S. Qeol. Bmvvf Boll. M, 
pp. 49-88, 1914. 
' Woodruff, K O., The Lander oil field, Fremont County, Wye: U. 8. Geol. Survey Bull. 462, pp. 7-11, 
JPJJ. 
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o.: U. S. Geol. Survey Bull. 205. pp. 7B-«w 1906. 
Oeol. Survey Bull. 381, pp. 517-M4, 1910l 
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dip from such outcrops penetrate these beds and commonly obtam 
water with a few drops of oil. This was true of the Oil City, the 
Northwestern, the Dutton "Basin/' and the Western States wells. 
Under these conditions it is clearly evident that anticlines having 
the oil-bearing sandstones completely sealed beneath impervious beds 
should be first chosen for prospecting. 

The accompanying table summarizes the available information as 
to the geologic position of the oil and gas bearing beds in the Wyoming 
and some adjacent fields. 

HISTORY 0F-PR08PECTING. 

The presence of oil seeps in this region was first described by 
Aughey in 1886.* Some of these seeps, however, had been known 
since the days when the first emigrants passed through the region 
going to Or^on and California. It is reported that Cimineau,^ a 
French trapper, and others sold lubricants to the caravans from the 
oil spring in sec. 28, T. 33 N., R. 82 W., 1 mile south of Poison 
Spider Creek, near Oil Moimtain. 

One of the first wells sunk in the area covered by this report was 
drilled in 1886 on Poison Spider Creek, m sec. 4, T. 32 N., R. 86 W., 
at Oil City, by the Colorado & Wyoming Land & Oil Co. Under the 
management of George L. Aggers, of Douglas, Wyo., this well was 
put down to a depth of 1,130 feet and at a depth of 500 feet struck 
130 feet of sandstone, which carried a little oil and water.' 

The two weUs drilled by the Wyoming Central Association in the 
early eighties near the head of Powder River to depths of 700 and 
900 feet were water weUs with only a sUght showing of oil.* It is 
thought that the first well drilled prior to 1886 near the SW. J sec. 34, 
T. 34 N., R, 88 W., to a depth of nearly 1,000 feet, which obtained a 
slight amoimt of oil, gas, and much water, was one of the Wyoming 
Central Association wells.* The Northwestern Oil Co.'s well, wliich 
according to Knight * was drilled about the same time and a short 
distance northwest of the Wyoming Central Association wells to a 
depth of about 500 feet, struck no appreciable quantity of oil. When 
visited in 1915 a well near the west quarter comer of sec. 20, T. 33 N., 
R. 87 W., was giving off a small quantity of gas and a few drops of 
oil. There was only enough dark, thick, asphaltic oil on the water 
which rose to the top of the casing to furnish a small sample. No 
data seem to be available concerning the Moffat well, on Lovett 
Creek. 

> Anghey, Samuel, Wyoming Territorial Geologist Am:i. Rept., 1886, pp. 113-187. 
9 See U. 8. QeoL Survey BuU. 612, p. 82, 1915. 

* Ricketts, L. D., Wyoming Territorial Geologist Ann. Kept., 188S, pp. 23-30. 
« Idem, p. 35. 

* An^My, Samnd, op. dt. Knight, W. C, Wyoming Univ. School of Mines, Petroleum series, Bull. 4, 
p. 28, map, 1901. 

* Knight, W. C, idem, pp. 21-25. 
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Nearly contemporaneous with the sinking of the Northwestern 
well was the drilling of the Guthery well, hi sec. 18, T. 33 N., R. 82 W., 
on Poison Spider Creek. This well was sunk to a depth of about 
1,000 feet, and a flow of strong sulphur water was encoimtered, 
presumably in the Lower Cretaceous conglomerate. It is reported 
that some oil was foimd, but that the quantity was so insignificant 
that oil was hauled from the wells at Salt Creek and the place ''salted." 
At the time of visit a small stream of water surcharged with hydrogen 
sulphide gas flowed from the casing, but there was no indication of oil. 

It is said that a shallow well was drilled farther down Poison 
Spider Creek, just above the Goose Egg ranch, and that the tools were 
purposely lost in it. 

The well near North Platte River, 2 miles above Alcova, struck 
water but no oil. Its location is in the syncline between the mono- 
clinal fold to the west and the Alcova or Hot Springs arch to the east. 

Scattered throughout the area are assessment pits of the oil- 
prospecting days of the eighties, and it is almost impossible to ride 
over the area for any considerable length of time without seeing some 
of them. It is reported that a small quantity of oil was Collected in 
some of these pits near the Horse Creek dome, in sees. 26, 27, and 34, 
T. 32 N., R. 86 W. At the oil spring near the north end of Oil 
Moimtain there are two pits. The western one of these, which was 
dug to a depth of 10 feet or so, has nearly filled up by caving and when 
visited contained about 3 feet of water covered with a thin scum of 
thick, dark oil. It is from this place that a small quantity of oil was 
supphed to the travelers who trailed through the region in the days 
of 1849. 

After the era of assessment pits and shallow wells very little 
prospecting was done imtil the development of the Salt Creek and 
Bighorn Basin oil fields revived interest in oil through the area. 
The first operation was the sinking of a test well by the Midwest 
Oil Co. on the Castle Creek fold, near the east quarter comer of sec. 
31, T. 38 N., R. 80 W., to a depth of about 2,000 feet. Some gas was 
found in the shale above the Wall Creek sand, and from the sand 
water rose nearly to the top of the casing. A Uttle gas was escap- 
ing from the well when it was visited late in the fall of 1914. 

A well completed in the summer of 1913 at the north end of the 
Button anticline was started near the contact of the Niobrara and 
Steele shales, in the NW. J sec. 34, T. 34 N., R. 90 W. It was 
drilled to a depth of about 1,060 feet, and when visited it was giving 
off gas in small quantities, and thick, dark oil stood on the water 
about 20 feet below the top of the casing. 

In the siunmer of 1913 the Ohio Oil Co. drilled two holes, one on 

Poison Spider Creek in the SE. i SE. i sec. 18, T. 33 N., R. 82 W., 

and the other in the NE. i NE. i sec. 2, T. 33 N., R. 95 W., near 
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Alkali Butte in the ''Riverton oil field/' In the well on Poison 
Spider Creek the Dakota sandstone at a depth of 641 foot contained 
some black oil. The Lower Cretaceous conglomerate at 785 feet 
carried water and a little oil, and the Morrison formation showed 
signs of oil. The well was sunk to a depth of 2,855 foot, and the last 
15 feet was in the Tensleep sandstone, which contained artesian 
water. The other well, near Alkali Butte, encountered no water 
anywhere in the 2,945-foot hole, which was probably entu-oly in the 
Steele shale. A trace of gas and oil was obtained in a 7-foot bed of 
soft sand at a depth of 177 feet. 

The Holmes well, in sec. 3, T. 36 N., R. 82 W., was the first one 
located on the North Casper Creek anticline. This well, which is 
about 500 feet west of the contact of the Niobrara and Steele- shales, 
is 2 miles west of the axis of the anticline and was drilled to a depth 
of 1,170 feet. It penetrated 15 feet into the Wall Creek sand, from 
which water rose within 100 feet of the top of the casing. 

The Fitzhugh well, IJ miles north of the Holmes well, was started 
June 19 and finished August 24, 1913. It is near the west quarter 
corner of sec. 26, T. 37 N., R. 82 W., about 800 feet east of the upper 
contact of the Niobrara shale. The locator in the selection of this 
site seems not to have considered duly the record of the Holmes 
well and the form of the anticline, otherwise his location would not 
have been so near the contact of the Steele and Niobrara shales, a 
position on nearly the same structure contour as that of the Holmes 
well. The two logs are similar. In the Fitzhugh well water was 
sikruck in the Wall Creek sand at a depth of 1,000 feet, and the well 
was abandoned at 1,642 feet. 

The Monongahela Oil Co. commenced operations in July, 1913, in 
the SE. i sec. 9, T. 33 N., R. 81 W., just west of Twelvemile Spring, 
in the Emigrant Gap anticline. At a depth of 240 feet a flow of 
sulphur water was struck in the Lower Cretaceous conglomerate. 
This is the only well so far drilled near the axis of the anticline. The 
dry holes on Casper Creek, in Tps. 33 and 34 N., R. 80 W., are far 
down the east flank. 

The Western States Oil Co.'s well, started in the summer of 1913 
near the center of T. 33 N., R. 94 W., in the so-called Riverton oil 
field, is in the syncline between' the Conant Creek and Alkali Butte 
anticlines. The location is on the Steele shale, and, according to 
reports, the Wall Creek sand, at a depth of 1,300 feet, showed some 
trace of oil. The well was not completed at the time of the field 
examination. 

The Franco-American well, in the SE. i SE. i sec. 16, T. 34 N., 
R. 87 W., is on the Wallace Creek dome ( ?). This well was put down 
about 600 feet during the summer of 1913, but was idle when the area 
was mapped. Later it was sunk to a depth, of mot^ \Xi%Xi.1^^^^ V^Xa, 
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probably entirely in the Fort Union and Lance formations, but 
encountered no oil. 

The Toltec Oil Co. late in the fall of 1913 put down a well in sec. 11, 
T. 37 N., R. 85 W., on the Cottonwood Creek anticline, at the south 
end of the Bighorn Mountains. It was free from water down to a 
depth of 915 feet, except small quantities at 125 and 458 feet, but at 
915 feet warm and highly charged sulphur water, presumably from 
the Lower Cretaceous conglomerate, flowed in large quantities over 
the top of the casing. The well was abandoned at a depth of 990 
feet without obtaining oil. 

In September and October, 1914, WiUiam M. Fitzhugh and his 
associates drilled a 1,975-foot dry hole in the NW. i sec. 36, T. 37 N., 
R. 82 W., on the North Casper Creek anticline. They struck water 
in the Wall Creek sand at a depth of 440 feet and in the Peay sand at 
1,045 feet, but the Dakota ( ?) sandstone at 1,675 feet was dry. The 
Lower Cretaceous conglomerate at a depth of 1,769 feet and also the 
Morrison formation carried water. Free carbon, bitumen, paraffin, and 
some carbonic gas were foimd in dark-blue shale at 1,560 and 1,679 feet. 
This well is located near the axis of the anticline about 2 miles north of 
its crest and with the other wells drilled near by has shown that the pool 
of oil or gas, if any exists in this anticline, is not greater than 1^ by 4^ 
miles in extent, which is almost the size of the Salt Creek field. 

The Casper Oil Co. in the fall of 1915 started a well in sec. 28, T. 
38 N., R. 81 W., about a mile below the 33 Mile ranch on Castle 
Creek. This well was dry for 1,900 feet. 

Aside from these wells, drilled by standard outfits, numerous 
assessment holes have been put down with Star rigs, none of which 
have attained sufficient depth to be of value. The prospecting of 
this sort that has been done along the eastern flank of the Rattlesnake 
Mountains is a good example of waste of time and money. 

OIIi-BEARING FORMATIONS. 

Many of the formations in this field, from the Cambrian to the 
Oligocene, contain sandstone members or strata, but only those which 
contain traces of oil or produce oil and gas in this or near-by fields 
will be described. The formations may be seen in the different anti- 
clines of the field, and they will be taken up in stratigraphic order, 
the lowest one first, as shown in the colunmar section on Plate XXHI. 
That some of the shales contain oil pools is not considered probable, 
although it is recognized that oil may be present in shale here, as it 
is in some other Rocky Mountain fields. 

Cambrian and pre-Cambrian formaiiums. — ^The Cambrian and pre- 

Cambrian beds, according to oral reports, are satiu*ated with oil near 

Copi>er Mountain, on the south side of the Owl Creek Mountains, 

near T. 39 N., R. 92 W., about 40 miles northwest of the Rattleanake 
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Mountains. The Wind River formation (Eocene) , which overlies the 
Cambrian at this locality, is also said to snow traces of oil. The 
locality was not examined , but the information is considered reliable. 
No indications of oil, however, were observed in the Cambrian or pre- 
Cambrian in the area covered by this paper.* 

Tensleep sandstone. — ^The Tensleep sandstone, of Pennsylvanian 
age, is the lowest formation which shows signs of oil in this field. It 
is approximately 200 feet thick in the Rattlesnake Moimtains. An 
exposure of a few square rods in the SW. { sec. 13, T. 33 N., R. 90 
W., in the Dutton anticline, contains some oil, but so far as observed 
none escapes. At all other localities where the formation was exam- 
ined it is barren. The rock is a mediinn-grained, highly cross-bedded, 
firmly cemented quartz sandstone, which is of sufficiently open tex- 
ture to aUow the free circulation of water, as shown by the Ohio 
well, on Poison Spider Creek. 

Ernbar farmaiion. — No indications of oil were seen in the Embar 
formation (Pennsylvanian, Permian, and Triassic) , but in the Lander 
field,' which adjoins this area on the northwest, it is one of the main 
oil-producing formations. The Embar overlies the Tensleep sand- 
stone and is composed of 225 feet or more of light-gray fossilif erous 
limestone, shale, chert, and beds of phosphate. It is typically de- 
veloped in the western part of the area, where it is equivalent to the 
Park City and Dinwoody formations, but in the eastern part it is of 
an entirely different character, consisting mostly of red shale with 
some limestone, fossiliferous red and gray chert, and gypsum. The 
Embar in this field contains no thick beds of sandstone. It was re- 
ported that the well of the Pine Dome Oil Co. obtained its flow of gas 
from the Embar, but it is fully as probable that the gas came from 
the Tensleep sandstone. . 

Cfhugwater, Sundance, and Morrison formations. — ^Along the east 
flank of the Rattlesnake Mountains north of Oarfield Peak there are 
places where the sandstones in the upper (Triassic) part of the Chug- 
water, the Sundance (Jiu-assic), and especially the Morrison (Cre- 
taceous?) formations show signs of oil. Oil seeps from the Sundance 
and Morrison formations in the unproductive Powder River oil field,* 
which is adjacent to this field on the north. These formations con- 
tain thin and thick sandstones that in favorable folds would serve 
as reservoirs for oil. The formations present their usual character- 
istics. The Chugwater consists essentially of 1,000 feet of brick- 
red unfossilif erous sandy micaceous shale, thin-bedded sandstone, 

> Bixifie this was written the indications of oil in this locality have been described as petroleum in granite 
by L. W. Trumbnll (Wyoming State Geologist's Office, 8d. ser., Boll. 1, pp. 4-7, 1916). 

* Woodmff, E. G., The Lander oil field: U. S. Geol. Survey Bull. 452, p. 27, 1911. Jamison, C. E., Geology 
and mtneral resources of a portion of Fremont Coimty, Wyo.: Wyoming Geol. Survey Bull. 2, pp. 33-34, 
1011. 

> Wegmaon, C. H., The Powder River oil field, Wyo.: U. S. Geol. Survey BuU.\1v,v.1\A^\*i. 
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and gypsum. A thin limestone occurs near the top in the eastern 
part of the field, but in the western part this same limestone is near 
the middle of the formation. The Sundance consists of about 300 
feet of marine olive-green shale and highly fossiliferous gray lime- 
stone. The Morrison consists essentially of 250 feet of fresh-water 
vari^ated shale and sandstone. 

Lower Cretaceous conglomerate. — ^The next higher oil-bearing forma- 
tion is the conglomerate assigned to the Lower Cretaceous. This is 
the lower part of the ^'Dakota'* formation mentioned by Knight* 
as being the most promising oil-bearing formation of the field. It 
is the basal conglomeratic sandstone of the Cleverly formation of 
the Bighorn Mountains, the lower member of the Cleverly formation 
of the Basin and Greybull oil and gas fields,^ and the Dakota ( ?) of 
the Salt Creek field.' It is identical with the conglomerate described 
as of Lower Cretaceous age (?) in the Lander field.* This formation 
contains dark-colored, well-rounded chert pebbles, conmionly about 
the size of small marbles but reaching a maximum diameter ol \\ 
inches, firmly cemented. Usually the cement is silica, but in some 
places it is lime. The coarse basal conglomerate that constitutes the 
lower half of the formation grades upward into a slightly conglom- 
eratic sandstone and the whole attains a thickness of about 60 feet. 
It varies little from this thickness throughout the eastern part of 
the area, though in the Conant Creek anticline it is only 8 feet thick. 
The formation where upturned forms small hogbacks, a feature which, 
with the lithologic character, makes its identification easy. 

Though the conglomerate is mentioned by Knight * as showing 
traces of oil in the Dutton *' anticline,'' none were noticed in it there 
or in the other exposiures of the conglomerate, except along the 
Rattlesnake Moimtains. It is probably the source of the oil at the 
seep in sec. 28, T. 33 N., R. 82 W., at the north end of Oil Moimtain. 
Small quantities of dark, thick oil ooze from it near the Lew Smith 
Spring, at the head of Horse Creek, in sec. 26, T. 32 N., R. 86 W., on 
the southwest side of the Rattlesnake Mountains. A few sections 
of land have been patented as oil placer land about 2 miles south of 
Oil City because dark asphaltic oil seeps from the conglotnerate beds 
in that locality. Northwest of Oil City and south of Garfield Peak 
the conglomerate contains little if any oil, but in places on Wallace 
Creek and on the small creeks near by it is saturated with dark 
asphaltic oil. The light volatile parts have evaporated from the oil 

» Knight, W. C, Wyoming Univ. School of Mines, Petroleum ser., Bull. 4, pp. 17-19, 1901. 

* Hiutze, F. F., jr., The Dasin and Greybull oil and gas fields, Big Horn County, Wyo.: Wyoming State 
GeologLst's Ofllce Bull. 10, pp. 16-17, 1914. 

• Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. S. Geol. Survey Bull. 452, p. 44, 
1911. 

4 Woodruff, E. G., The lAuder oil field, Fremont County, Wya: U. S. Geol. Survey Bull. 462, pp. 18-19, 
1911. 
* Knight, W, C, op. clt., pp. 17-19. 
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that seeps here, and the heavy dark residue, mixed with soil and 
dead vegetation, has accumulated on the creek bottoms to a thickness 
of a foot or more and covers many square rods. This deposit is 
used locally for fuel, chiefly for engines drilling prospect holes. Strong 
sulphur water was found in the conglomerate in the Ohio well, on 
Poison Spider Creek, and in the Guthery, Monongahela, and Toltec 
wells, and similar water issues from the conglomerate in sec. 15, T. 
33 N., R. 81 W. The Ohio and Guthery wells struck traces ofoil in 
the conglomerate. 

Dakota sandstone. — ^Directly below the Thermopolis shale and from 
100 to 350 feet above the Lower Cretaceous conglomerate is a fine- 
grained brown to gray quartzitic sandstone, ranging in thickness from 
a few inches to a maximum of 60 feet, as observed at the south end 
of the Emigrant Gap anticline. This sandstone is considered the 
same as the Dakota of the Lander country.* It is the upper member 
of the Cleverly formation of some authors, but is here referred to 
the Dakota (Upper Cretaceous). It may correspond to the Greybull 
sand of the Bighorn Basin.^ This sandstone contains no oil at the 
south end of the Rattlesnake Moimtains or near Garfield Peak, but 
at numerous places on Wallace Creek and the creeks to the north it 
is saturat-ed with dark asphaltic oil and, with the Ix)wer Cretaceous 
conglomerate, furnishes the asphaltum foimd in that district. The 
Dakota shows no trace of oil throughout the rest of the field. This 
sandstone is so variable in thickness and so unfavorably situated in 
most of the anticlines that it is considered unimportant as a reser- 
voir for oil unless it may be in the same antichnes as those mentioned 
in connection with the Lower Cretaceous conglomerate. 

Morory shale. — ^From 100 to 300 feet above the Dakota sandstone 
is the Mowry shale, of Upper Cretaceous age, a hard, fissile dark 
shale, weathering white, which contains abundant fish scales, verte- 
brae, and fins, but in which no complete skeletons have been found. 
The Mowry shale, which forms pronoimced pine-bearing ridges in 
most of the antichnes, is normally about 300 feet thick and is an 
exceptionally good key rock. It is in most localities immediately 
overlain by a bed of bentonite. No traces of oil were seen oozing 
from this formation, but it produces oil in the Bighorn Basin,' at 
Lander,' and at Spring Valley * and is the probable source of the oil 

1 Woodruff, E. G., op. cit., pp. 1»-19. 

'Lupton, C. T., Oil and gas near Basin, Big Horn County, Wyo.: U. S. Geol. Survey Bull. 621, pp. 
157-lW, 1916. 

* Woodruff, E. G., The Lander oUileld, Fremont County, Wyo.: U. S. 0«ol. Survey Buir. 452, p. 27 1911. 

* Veatch, A. C, Geography and geology of a portion of southwestern Wyoming, with special reference 
to coal and oil: U. S. Geol. Survey Prof. Paper 56, p. 158, 1907. 
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in the Wasatch fonnation at Labarge.^ Oil is reported to occur in 
the Mowry shale in the unproductive Powder River field.' * 

One of two samples of the Mowry shale tested by distillation 
yielded about 2 gallons of oil to the ton and the other a mere trace. 
The latter contained the greater quantity of fish remains. The tests 
were made in order to throw light on the possible origin of the Wyo- 
ming oil, but the results were unsatisfactory. 

FrcnUier formation. — ^The Mowry shale is overlain by shale and 
sandstone that are referred to the Frontier formation, of Upper 
Cretaceous age. The sandstones, of which there are three distinct 
divisions corresponding in ascending order to the Peay, an interme- 
diate sand, and the Wall Creek, are of medium to fine grain, gray, 
somewhat massively bedded, and from 20 to 200 feet thick. The 
formation attains a maximum thickness of 1,000 feet. The inter- 
vening shale, which makes up more than half of the formation, is 
dark and sandy. The lowest sandstone member, corresponding to 
the Peay, is persistent and characterized by large brown concre- 
tions, especially in the Emigrant Oap and Oil Mountain anticlines 
and the Pine dome. The middle sandstone is commonly character- 
ized by small black chert pebbles about the size of peas, which 
usually distinguish it from the other two sandstones, though in a 
few places the Wall Creek contains similar pebbles. The upper or 
Wall Creek sand is the main productive oil sand in the Salt Creek 
field, 25 miles northeast of the North Casper Creek anticline,' but 
the Peay and Torchlight are important producing sands in the Big- 
horn Basin.* The Wall Creek sandstone may correspond to the 
Torchlight, as shown by Hintze, for it is stratigraphically at about 
the same position. 

Thick, black oil oozes from the sandstones of the Frontier in the 
Alkali Butte anticline, and traces of oil were found in them along 
the Rattlesnake Moxmtains. 

Teapot sandstone member of the Mesaverde forrwtion. — ^The highest 
Cretaceous sand in which oil was^ observed is the Teapot sandstone 
member of the Mesaverde fonnation (Upper Cretaceous), a medium- 
textured white sandstone from 90 to 200 feet thick. This sandstone 
has a wide distribution in Wyoming and is the upper part of the 
Mesaverde. It is spoken of as the *' sandstone forming Little Pine 

> Schultz, A. R., The Labarge oil fleld, central Uinta County, Wyo.: U. S. Geol. Surrey Boll. 840, pp. 
367-371 , 1908. Trumbull, L. W. , Prospective oil fields at Upton, Buck Creek, Rattlesnake M oontaiiis,siMl 
Labarge: Wyoming State Geologist's Ofltce Bull. 5, pp. 14-15, 1913. 

« Wegemann, C. H., The Powder River oil field, Wyo.: U. S. Geol. Survey Bull. 471, p. 71, lOlX 

> Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. 8. Geol. Survey Boll. 452 pp. 
71-75, 1911. 

« Washbume, C. W., Gas fields of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Ball.340,pp.S48-388, 
1906. Hintze, F. F., Jr., The Bashi and Greybull oil and gas fields. Big Horn County, Wyo.: Wjomlng 
8tate Geologist 's Oflloe Bull. 10, pp. 41-47, 1914. Hewett, D. F., The Shoshone River seotloii, Wyo.: U. 8. 
Oeo). Survey Bull. 541, p. 06, 1014. 
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Ridge" in the Salt Creek field and is the Teapot sandstone near 
Casper as described by Bamett.* It is the prominent sandstone 
that forms the striking white wall across Tps. 32 and 33 N., Rs. 82 
and 83 W., southeast of the F L ranch. This sandstone, forming a 
low ridge locally known as Phayles Reef near the Marquis ranch, 
along the east flank of the Rattlesnake Mountains in sees. 4, 5, and 9, 
T. 33 N., R. 87 W., is highly saturated with oil. This sandstone at 
Phayles Reef is probably the one conditionally placed by Knight ' 
in the Fox Hills and noted by him as saturated with oil. In pros- 
pecting for oil in the dome on Wallace Creek drilling should go at 
least deep enough to test this sand for oil. 

WiTid River formaiion. — ^The Wind River formation, of Eocene age, 
consists essentially of soft variegated shale, coarse brown sandstone, 
arkose, and both fine and coarse conglomerate. These beds are for the 
most part nearly flat-lying or tilted at very small angles and uncon- 
f ormably overlie all the older formations, including the Cambrian. No 
oil seeps were noted in the Wind River, but some are mentioned by 
Knight as occurring west of the Dutton anticline.' The Wind River 
is reported to show traces of oil south of the Owl Creek Mountains 
in T. 39 N., R. 92 W. Oil is obtained in small quantities from beds 
of nearly the same age at Spring Valley * and Labarge,*^ in south- 
western Wyoming. It is probable that in all these places the oil has 
escaped from the underlying Cretaceous sands into the overlying 
beds. As the Wind River in places overUes the upturned Cretaceous 
oil-bearing sands, it is possible that in some of these places oil may 
be found in the Wind River, but this seems a remote possibility, and 
no commercial pools are to be expected. 

White River formaiion.—Tlie White River formation of Oligocene 
age, is composed essentially of loosely cemented Ught-colored fine 
and coarse sand, arkose, and conglomerate. Volcanic material, in 
the form of pebbles and single grains, is present throughout the 
formation. Red color is generally absent in the formation, but light 
green and buff are plentiful and even white rocks are not imconmion. 
The White River is nearly flat lying and rests imconformably on all 
formations from the pre-Cambrian granite of the Granite Mountains 
to the Steele shale and also the Wind River. 

Small quantities of oil ooze from beds considered of White River 
age at the Lew Smith oil spring, in sec. 26, T. 32 N., R. 86 W., in the 

iBamttty V. H., Possibilities of oil in the Big Muddy dome, Converse and Natrona counties, Wyo.: 
U. 8. Geol. Survey Bull. 581, pp. 113-114, 1915. 
s Knic^ty W. C. , Wyoming Univ. School of Mines, Petroleum ser. , Bull. 4, pp. 28-29, 1901 . 

* Idem, p. 16. 

* Veatdi, A. C, Geography and geology of a portion of southwestern Wyoming, with special reference to 
ooal and oO: U. 8. Oeoi. Survey Prof. Paper 66, pp. 16, 139, 141, 143-144, 151, 1907. 

* admits, A. R., Geology and geogn^y of a portion of Linoohi County, Wyo.: U. S. Geol. Survey Bull. 
643, p. 117, 1914. 
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Rattlesnake Mountains, but the oil probably comes from the under- 
lying Lower Cretaceous conglomerate or the Dakota sandstone. A 
Uttle asphaltic material occurs in rhyoUtic bombs in the upper part of 
the White River formation on the Sweetwater escarpment in sees. 10 
and 11, T. 32N., R. 94 W. 

It is possible that where this formation lies on the upturned 
Cretaceous oil sands, as in the area between Alcova and the Rattle- 
snake Moimtains or at the south end of the Rattlesnake Mountains, 
it may contain small quantities of oil. Commercial pools, it is 
beheved, are not to be expected in the White River in this field. 
Small pools, however, occur in beds of the same age at Douglas.^ 

ANTICLINES 3 AND OTHER FOIjDS. 

OENEBAL FEATUBES. 

• 

In comparatively recent geologic time, the outer crust of the earth 
in all parts of Wyoming, which once lay in great nearly level sheets 
or beds of shale, sandstone, and limestone, was bent and wrinkled 
into great and small anticlinal and synclinal folds. These folds or 
earth waves may be likened to the billows and waves on water or to 
the wrinkles on merino sheep. They are elongated, and some are much 
higher and larger than others. Some of the high rock folds in 
Wyoming are the giant anticlines of the Laramie, Granite, Wind 
River, Owl Creek, and Bighorn mountains. The Powder River, 
Green River, Wind River, and Bighorn basins are giant synclines. 
Those groat folds are not arranged in any definite order, as their axes 
trend in several directions. 

The small anticlines described in this report are situated upon the 
sides of the giant folds or between them. They are elongated and 
compressed, their axes, which nearly parallel one another, trend in a 
northwesterly direction (see PI. XXIII), and they are broken here 
and there by small faults. The axes of the small anticlines pitch 
either in one direction — for example, those of the anticlines that 
project as spm^ from the giant folds — or in two directions — ^for ex- 
ample, those of the assemblage of more or less simple anticlines in the 
lowland area between the Laramie and Bighorn mountains. 

» Bjiraett, V. H., The Douglas oil and gas field. Converse County, Wyo.: U. S. 0«ol. Survey Bull. 541, 
pp. 48-88, 1914. 

* The term anticline Ls ased here for brevity of description to include bowed-up folds that have twolimbs — 
that is, sides in which the same strata dip in opposite directions from the axis. According to Willis (U. S. 
Oieol. Survey Thirteenth Ann. Rept., pt. 2, p. 200, 1893), "the line or area of meeting of the sides is tbe 
axial region, the crest or crown of on anticline, the base or bottom of a syncline," and it is commatiij 
called simply the axis. (Generally the anticline is developed in nearly flat-lying rocks, and its axis pitdMs 
toward its two extremities, but in places the anticline or sjmcline is developed on the upturned rocks that 
form the rim of some large structural basin, and in that case the axis may pitch in only one directioa. For 
convenience of description, anticlines and synclines developed on tilted beds will be called slope anti- 
clines and slope s>'nclinas. Willis says: " When the limbs of an anticline are wide open downward fur- 
ther shortening of the zone of strata is pc^sible by lessening of this angle; sath may be called an open 
fold." 
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While the great, nearly level sheets of shale, sandstone (in part 
oil bearing), and limestone were being bent into anticlines, they were 
also being worn away from the crests of the anticlines, mostly by 
water and wind, and the detrit&l material so derived was in the main 
deposited as layers of mud and sand in the troughs of the giant 
synclines. These flat-lying layers filled the synclines and reached far 
up on the sides of the giant anticlines, nearly covering the small 
anticlines, some of which even now are laigely hidden by the flat- 
lying beds. All the giant anticlines and many of the small ones have 
been truncated or worn down so deeply that in many places the oil- 
bearing sands have been exposed, allowing the oil to escape. 

SWEETWATER ANTICLINE.^ 

The Granite Moxmtains, viewed broadly, are in the middle of a great 
upfold, which will be referred to as the Sweetwater anticline. 
Although dominantly anticlinal, it is by no means a single fold 
but is in reaUty an assemblage of folds that make up one giant, 
deeply eroded compoxmd anticline. The nucleus of granite in the 
Sweetwater Valley and Granite Moimtains is surrounded by strata 
which dip steeply in some places and slightly in others and which 
now represent the outcropping, worn edges of formations that prob- 
ably once extended over the anticline. The Sweetwater anticline 
is approximately 50 miles wide by 120 miles long, and the granite 
nucleus is about 25 by 100 miles. The south limb and east end of 
the anticline are not represented on Plate XXIII. At the west end 
there is an apparent continuation of the great upfold in the anticline 
of Sheep Mountam m Tps. 30 and 31 N., Rs. 96, 97, and 98 W. The 
trend of the Sweetwater anticline is almost due east, and in this 
respect it is like the giant anticlines of the Uinta Mountains, in the 
northeastern part of Utah, and the Owl Creek Moimtains, in the north- 
central part of Wyoming, but its trend is not in harmony with the 
dominant northwesterly anticlines in the remainder of Wyoming. 

The widely separated limbs are represented now by such folded 
rocks as those in the Rattlesnake Mountains and at Alkali Butte, 
on the north side, and those at Happy Springs and Green Moimtain, 
on the south. Large faults occur along the south limb of the an- 
ticline, and in places, especially at Green Mountain, the formations 
are overturned. These folds and faults about the sides of the Sweet- 
water anticline and much of the granite nucleus are now covered by 
flat-lying strata, either light-colored or variegated, that hide for the 
most part the detail of the anticline. 

1 Hsyden, F. V., Exploration of the Yellowstone and Missouri rivers, pp. 77-78, U. S. War Dept., 1800: 
U. 8. Oeol. Survey Terr. Fourth Ann. Rept., pp. 34-36, 1872. Endllch, F. M., Report on geology of the 
Swwtwftter district: U. S. Oeol. and Geog. Survey Terr. Eleventh Ann. Rept.,pi^.WQ:i^VSt<^, 

437e8**— Bull. M\—n 17 
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The sedimentary formations from the Cambrian up to but not 
including the Wind River (see stratigraphic section on PL XXIII) 
probably once extended in great level beds across the area now occu- 
pied by the Granite Moimtains and the Sweetwater Valley, as identical 
formations occur on both sides of the anticline, but with and after 
the upheaval that produced the anticline these beds were gradually 
eroded and for the most part if not entirely removed by streams from 
the crown of the anticline. The pre-Cambrian granite has been carved 
at least 2,000 feet deep, as the Granite Moimtains rise that much 
above Sweetwater River, and this amount of dissection added to the 
total thickness of the sedimentary strata removed and the present 
altitude above sea level indicates an upward movement of at least 
20,000 feet. 

As the oil-bearing formations were removed during the upheaval 
of the anticline and before the deposition of the flat-lying light-colored 
rocks, there was and is now no opportunity for oil to migrate from 
them into the flat-lying rocks, as it is thought to have migrated at 
Douglas,* where oil and gas are foimd in flat-lying beds of the same 
age. Oil and gas, so far as known, have not been obtained commer- 
cially in granite. Because of these conditions the middle of the 
Sweetwater anticline offers no possibilities of oil and gas; 

SHEEP MOX7NTAIN ANTICLINE. 

The Sheep Moimtain anticline, which is crossed by Beaver Creek, 
lies in the vicinity of Hailey, a roadhouse station some 30 miles 
southeast of Lander. This open faulted anticline is short, lying 
mostly between the Big Bend of Twin Creek and Beaver Hill, a dis- 
tance of 13 miles, and is almost as wide as long, but in no respect can it 
be called a dome. The rock strata on the northeast limb dip from 
10° to 90°, with an average of about 15°, and those on the southwest 
limb 20° to 30°, as shown in figure 17. The outcrop of the inclined 
beds on the northeast side is much broader than that of the beds on 
the southwest, because of the lower dips and the presence of yoimger 
rocks that are not represented on the southwest side. Though the 
axis trends in general about N. 30° W., it is curved, with the convex 
side toward the southwest, as is shown by the strike of the formations 
involved in the fold. As the axis of the Sheep Mountain anticline 
passes slightly east of the axis of the Little Popo Agie anticline in 
T. 31 N., R. 98 W., but dies out near the Big Bend of Twin Creek, in 
the southeast comer of T. 32 N., R. 98 W., the anticline may be 
considered the generalized southward extension of the folds in the 
Lander oil field.' The axis is inclined and pitches northward, and 

1 Bamett, V. H., The Douglas oil and gas field, Converse County, Wya: U. S. Geol. Barrtj BoIL 541, 

pp. i9-8R, 1014. 
> Woodraff, E. Q., The Lander oil field, Fremont County, Wyo.: U. 8. Geo!. Survey BolL 452; pp. 2^27, 

JPJL 
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.e limbs of the antidine which open toward the grftnite c 
er divide are eroded the outcrops of none of the 
atioDS encircle it. Thrust faults at the south end 
e anticline and near Sheep Mountain have dis- 
>d the normal sequence of the rocks, as shown in 
3 17. Flat-lying vari^ated rocks to the east and 
1 and light-colored rocks to .the east and south 
ly limit the visible parts of the anticline, which is 
"ated from the folds of the Wind Kivor Mountains 
Qarrow downwarp or sjmcUne. Though the Sheep 
itain antichne is only from 9 to 18 miles south- 
af the Little Popo Agie district of the Lander oil 
it probably does not contwn important oil pools, 
use it is truncated down to the granite, all the oil- 
Jig formations being exposed. These conditions, 9 
;e absence of structural terraces or minor anti- | 
a about the main upwarp to trap the oil in wet » 
1, would allow any oil that wb3 ever present in i 
1 to escape. No oil sbeps were observed on the I 
dine, ° 

BIO SAiro DBAW ANTICLINE. | 



lapparentlysmallanticline 12 milesnortheastof t 

sy is crossed by Big Sand Draw, a tributary of m 

■er Creek, but no permanent water occurs near J 
The folded rocks, which outcrop in a strip T>f k 
6 miles long by 1 to 2 miles wide in Tpe. 32 and I 

., R. 95 W,, are surrounded by flatr-lying younger » 

■x)lored strata. The rock strata, as shown in fig- | 

.8, dip about 30° on each side of the axis, which f 

1b a little west of north. The anticline as ex- 'i^ 

led by the sandstone north of Big Sand Draw is ^ 

jent, but to the south it is indbtinct in the soft 

id shale that is partly covered with grass. It 

s from the small part of the anticline exposed 

its axis pitches to tho north and that none of the 

ations involved in the fold at present encircle 

mticline. 

■ far as can be determined from the outcrops, the 

est oil-bearing formation of Colorado age in this 

tline is within reach of the drill, though at least 

) feet in depth. Whether or not oil pools are 

mt in the anticline is, however, uncertain. Op- 

onity occurred before the deposition of the flat- 

I beds for the oil, if then present, to migrate to 

urf ace and escape. Likewise, since the de^oeiUcKi «A 'Oi^<&^\At'^^ 
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, 'a tieds oil may have migrated upward and accumulated 

in inclined beds abutting against the overlying hori- 
zontal beds or in the base of the horizontal beds. This 
could have taken place only in the area south of the 
exposed part of the anticline. If it is assumed that 
the axis pitches in both directions and that the dark 
adobe shale exposed south of Big Sand Draw occupies 
the middle of the anticline, thereby tightly closing over 
the oil-bearing sandstone below, this anticline would 
be perhaps the most promising in the entire field, as oil 
pools might be present in the sandstone thus protected. 

AUCAU BUTTE AHTICUKB. 

A northward-pitching, closely folded anticline north 
of the Sweetwater escarpment in the vicinity of Alkali 
Butte and Mount Rogers forma a part of the complex 
folds of the so-called Riverton oil field and is reached 
with least difficulty by a trip of about 15 miles south- 
east from Riverton, a station on the Chicago & North- 
western Railway. The area about Mount Rogers was 
described by Aughey' as the Beaver oil basin. The 
oil, according to him, is of high grade, of 0.968 specific 
gravity, and of a mahogany color. Mount Rogers is 
sometimes spoken of as being on Oil Mountain Ridge, 
but that name leads to confusion with Oil Mountain, 
in the eastern part of the field, so the name Mount 
Rogers is preferable. 

That part of the northwestward-trending anticline 
which can be seen is narrow and about 15 mites Ifmg. 
Its visible part south of Mount Rogers is shown by the 
closely folded shale and sandstone that pass beneath 
the flat-lying light-colored strata forming the Sweet- 
water escarpment. These sandstones, tilted at angles 
from 30° to 90°, form sharp ridges about 2 miles long 
in a lowland of shale. (See fig. 18.) The sandstones 
dip rather abruptly in the northwest comer of T. 33 N., 
R. 94 W., at an oil seep, and to the north the arch is 
low but is continued in shale to the vicinity of Alkali 
Butte, where less closely folded overlying Bandatcmes 
form the north end of the anticline. The folded strata 
disappear beneath the nearly level varicolored beds 3 
milesnorth of the butte, some distancenorth of the posi- 
tion shown by Woodruff and Winchester.* In passing 



'Aaghey atmael, Wyoming TBrritorWOeologlrt Ann. Repl., 1888, pp. 134-lSS. 
' Woodruff, E. 0., Mid WlnctKBUr, D. B., Coal Ddda at Ota'WkiuV'Klnw ii«»(n, Fnmcnt and N 
anOtB. H>iiL..-l7.&Ow{. Surrey BaU.4n, pi*. M,ia,UUU 
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along the crest or crown of the antichne it will be seen that the fold 
is sinuous but that botli ends trend almost due north. The bend in 
the middle offsets the two straight ends about 2 miles, though there is 
no large fault. The axis rises to the south, as is shown by the absence 
of any visible southward-dipping strata. Erosion has left the anti- 
cline incomplete in the sense that it is not encircled by the formations 
involved in the fold. The anticline was developed on the north 
slope of the giant Sweetwater anticline and so is called a slope 
anticline. 

In the northwest comer of T. 33 N., R. 94 W. (undivided town- 
ship) , small oil seeps occur in Frontier sands north of Mount Rogers 
and just south of the place where they dip below the shale. From 
one of the seeps a httle west of the axis a film of oil accumulates on 
a pool of stagnant water. On the axis oil escapes from the next 
lower sandstone and remains in little depressions or on warm days 
trickles down the slope of the sandstone. Some black residue indicates 
the drying of the oil as it escapes. The largest seeps are about half 
a mile to the south of the seeps above described and north of Mount 
Rogers, a high, flat-topped hiU, on the axis of the anticline, where 
oil oozes from a still lower sandstone (Peay ) and accumulates in cow 
tracks and other small depressions. Pieces of old rusty machinery 
lying about are signs of a former intention to prospect, possibly that 
of the Omaha Oil & Transportation Co., mentioned by Aughey. 
The record of the well in the position of the unsurveyed SW. \ sec. 29, 
T. 33 N., R. 94 W., on Conant Creek, was not obtained, but seem- 
ingly it was a dry hole. 

A temporarily abandoned well of the Western States Oil Co., 
b^un in the simuner of 1913, is 2 miles southeast of the oil seeps, in 
the syncline between the AlkaU Butte and the Conant Creek anti- 
clines. It is reported that at a depth of 1,300 feet a showing of oil 
was found in sandstone which is certainly the same as that at the oil 
seeps in the sharp ridge at Moimt Rogers. 

The Ohio well, drilled in the fall of 1913 a short distance west of 
the axis of the anticline, in the NE. J sec. 2, T. 33 N., R. 94 W., was 
a dry hole, drilled in dark shale to a depth of 2,930 feet. At a depth 
of 177 feet, in a thin, soft sandstone, a little gas and oil were struck. 
No sand was encountered below 1 ,070 feet, and no water at any depth. 

The Alkali Butte anticline is not regarded as a favorable structure 
for the accumulation of oil and gas, because the upper oil-bearing 
sandstones have been eroded from its crown and because the axis 
rises to the south, so that there is no domed area in which the lower 
oil-bearing sandstones and conglomerates are closed tightly below 
shale. In such an anticline, where the sandstones are saturated with 



254 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PAET H. 

water, any oil or gas once contained in them has presumably had an 
opportimity to escape. The oil seeps described above indicate that 
this process is still in operation. There is, however, a chance that an 
oil pool may be foimd even in spite of these mifavorable conditions. 

CONANT CBBBK ANTICUNB. 

Southwest of Delfelder's ranch, on the heads of Long and Conant 
creeks, is an open complex anticline crossed by the Sweetwater 
escarpment. Small springs of good water are present along its east 
side and south end, and large sulphur springs issue in the southeast 
comer of T. 33 N., R. 94 W., from beds near its axis. The visible 
part of the anticline covers less than two townships and is limited on 
the north and east by flat-lying variegated beds and on the south by 
nearly level light-colored strata. In plan the Conant Creek anticline 
is short, owing in part to overlapping horizontal beds but more to 
the character of the fold; its axis is sinuous and pitches only in 
one direction. It has, as shown in figure 18 (p. 252), a wide north- 
east limb and a narrow west limb. Its complexity is due to three 
minor folds on the main anticline and to faults. One of the minor 
folds, which has dips of 18® to 29® and pitches away from the main 
anticline, is on the east side in the northwest comer of T. 32 N., R. 
93 W.; another occurs at Sulphur Springs, and still another to the 
south, which is crossed near the middle by the Sweetwater escarp- 
ment. The last two, whose axes are slightly offset, are separated by 
a branch of Conant Creek and really make a large part of the main 
anticline. The dips on the east flank of the south fold range from 
12® to 85® and those on the west flank from 8® to 20®. Small faults 
occur at the north end of the south fold, and a large strike fault 
on the west limb of the northernmost fold possibly furnishes oppor- 
tunity for the escape of the water at Sulphur Springs. The offsetting 
of the formations in the north-central part of T. 32 N., R. 93 W.. 
is more probably due to a fault than to an acute fold, though this 
is not evident from the maimer of grouping formations on the 
map (PI. XXIII). 

In the general syncline between the Conant Creek and Alkali Butte 
anticlines there is a small, slightly arched anticline that pitches north- 
ward like those on each side. This fold, the Big Sand Draw and 
Alkali Butte anticlines, and the minor folds of the Conant Creek 
anticline resemble in shape and position the fingers of a hand. 

A cross section through the anticline near Sulphur Springs (see 
fig. 18) displays dips of 32® to 65® on the narrow west limb, whidi is 
less than a mile wide, and dips of 30® to 47® in the same strata on the 
northeast limb. The outcrop of these beds on the west limb is about 
2i miles wide, but that on the east limb is about 8 miles wide« the 
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greater width being due in part to low dips, but more to the presence 
of a great thickness of beds that are not found on the west limb or 
in the syncline between the Alkali Butte and Conant Creek anticlines- 
Viewed lengthwise the anticline shows a great thickness of beds dip- 
ping northward but no corresponding beds dipping southward. The 
absence of southward dips indicates the deep erosion which the anti- 
cline has suffered, also that it is a slope anticline. The anticline 
seems to end about 3 miles north of Sulphur Springs, as the massive 
sandstones along the north side of T. 33 N., R. 94 W., are not notice- 
ably affected by the fold. 

The Conant Creek anticline is not a favorable fold for the accumu- 
lation of oil and gas, because all the oil-bearing formations are stripped 
from its crest and even though minor folds are present they involve 
mostly the older formations, which generally are not oil bearing. Thus 
in no part of the anticline are the Cretaceous oil-bearing sandstones 
tightly sealed beneath shale in such a maimer as to lead to the reten- 
tion of oil and gas in the presence of water. 

BUCK SPBINaS ANTICLINE. 

An anticline is indicated by a small area of tilted sandstone beds 
surrounded by flat-lying variegated strata at Buck Springs, in T. 34 
N., Rs. 92 and 93 W., 4 miles east of Delfelder's ranch. In plan the 
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FiouBS 19.— Section through the Bock Springs anticline, Wyo. 



visible part of the anticline is arrow-shaped, pointing northwest, and 
the corresponding beds on both sides dip away from the axis about 
12^ or less, as indicated in figure 19. Viewed lengthwise the anticline 
shows only northwestward-dipping beds, and this fact, considered 
with near-by exposures of the same beds that are involved in the 
arch, indicates an inclined axis or a slope anticline. 

The relation of the Buck Springs anticline to other anticlines in its 
vicinity is purely speculative, because of the surroimding flat-lying 
beds. However, it is reasonably certain that there is a fault trending 
northeast from a point near the sharp bend of Long Creek possibly 
to the southwest comer of T. 34 N., R. 92 W. No definite faidt plane 
is visible, its presence being inferred by the offset in position of the 
outcrop of some of the older formations in the Conant Creek anticline. 
The map, on which the many formations involved in the folds are 
combined into only three groups, does not adequately indicate the 
amount dt the offset. 
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The Buck Springs anticline is not attractive as oil territory, because 
the oil-bearing Frontier formation is beyond easy reach of the 
drill, lying at a depth of more than 4,000 feet, and because of the pitch 
of the axis as outlined above. 

DT7TTON ANTICUNB. 

An open northward-pitching slope anticline is situated in what is 
known as Dutton Basin, north of the Sweetwater escarpment, 6 miles 
west of the north end of the Rattlesnake Mountains and from 12 to 
25 miles south of Moneta, a station on the Chicago & Northwestern 
Railway. This locality has been referred to in short notes by Aughey* 
and Ricketts ' as the Dutton oil basin, and later described by Knight ' 
and by Woodruff and Winchester ^ as the termination of an anticlinal 
fold. The part of the anticline not covered by flat-lying variegated 
beds is short and about one-third as wide as long. The southern part 
is marked by northward-converging sandstone ridges, so that in plan 
the formations or contour lines drawn on a particidar bed resemble 
a series of nesting V's opening to the southeast. None of the beds 
involved in the fold at present entirely encircle the anticline, and 
viewed from the side it shows a series of northwestward-dipping beds 
and an inclined axis. 

The west limb is narrow, with the beds dipping 20® to 45®; on the 
broad east limb the same beds dip 12® to 33®. (See fig. 20.) The 
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FioiTBE 20.— Sectioa through the Duttoa anticline, Wyo. 



higher and yoimger beds involved in the fold on the east limb are not 
repeated on the west limb, being absent because of the oblique angle 
which the axis makes with that of the giant Sweetwater anticline 
and because they have been eroded away. Erosion has stripped all 
the possible oil-bearing formations from the crest or crown of the 
anticline, and it is probable that truncation cut down even to the 
granite prior to the deposition of the flat-lying beds. 

The formations on the west limb of the anticline probably join 
with the same formations exposed near the head of Muskrat Creek 
and farther west with those on Conant Creek, as indicated on the 
map (PI. XXIII) by the dashed line imder the stippled pattern. The 
northward-dipping beds in Tps. 32 and 33 N., R. 91 W., on Muskrat 

> Aoghey, Samuel, Wyoming Territorial Geologist Ann. Rept., 1886, p. 129. 
s Ricketts, L. D., Wyoming Territorial Geologist Ami. Rept., 1888, p. 35. 
* Knight, W. C, Wyoming Univ. School of Mines, Petrolemn ser.. Bull. 4, pp. 14-10, IfiOl. 
« Woodruff^ E. G., and Winchester, D. E., Coal fields of the Wind River ragion, Fremont and Natrona 
CaanUeB, Wyo.: U. 8, Owi. Survey Bull. 471, p. 651, pV. 40, 1912. 
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Cieek, are a part of the north limb of the giant Sweetwater anticline. 
Likewise, those on the east Umb of the Dutton anti- 
cline probably join the same formations at the north 
end of the Rattlesnake Mountains. The Dutton 
anticline is separated from the Rattlesnake anti- 
cline by a shallow syncline occupied bj Deer Creek 
and extending south past Black Mountain to the 
head of Dry Creek. (See fig. 21.) 

The Dutton anticline is conunonly spoken of as 
the Dutton Ba^n oil field, but like the " Riverton oil 
fidd" it does not deserve the name. Oil seeps are 
rare and there are (June, 1916) no producing oil 
wells. The small outcrop of Tensleep sandstone in 
sec. 13,T.33 N., R. 90 W., issaturated with oil.but 
the seeps mentioned by Knight ' as occurring in the 
Dakota sandstone, "Niobrara sandstone" [probably 
Frontier], and Tertiary beds were not found. Near 
the apex of the converging sandstone ridges there 
are some bog holes from wliich a small quantity of 
bad water issues, but no oil was seen. About small 
rents in these places an occasional gas bubble es- 
capes, and there is a distinct odor of hydrogen sul- 
phide. The field has been prospected recently by 
nmneroua assessment wells and in the early days by 
pita. A well drilled on the axis, about a mile north 
of the apex of the united hogback ridges of the two 
flanks of the fold, obtained a showing of oil and gas. 
The casing was still in the hole at the time of the 
writOT'a examination, and water stood only a few 
feet below its top. A small amount of gas was be- 
ing given off, and a sample of heavy dark-brown 
oil was obtained from the top of the water. The oil 
probably came from the Wall Creek sand, as the 
well is reported to have been drilled to a depth of 
about 1,060 feet. It was not analyzed. 

Because any oil or gas which may have been con- 
tained in the formations has had ample chance to 
escape from their truncated edges during the erosion 
p^ods preceding and following the depc^tion of 
the flat-lying beds, and also because of the meager 
showing of oil seeps, it seems improbable that any 
oonsid^able amount of oil has been conserved in 
this much eroded anticline. Small quantities may 
be entrapped where the oil-bearing formations abut 

' KnJght, W. C, op. clt.,pp. \*-». 
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ftgainflt the flat-lying beds, but even this possi- 
bility seems remote. 

batti;esnake aktiounb (P). 

The fold of the isolated Rattlesnake Mountains 
is about 50 miles west of Casper and 15 miles 
southwest of Waltman. The northwest end is anti- 
clinal and faulted, as shown in figure 21, whereas 
from Wallace Creek southeast to Horse Creek the 
strata dip for the most part in one direction (north- 
east) and are disturbed by large intrusive manses, 
as shown in figure 22. The range has a length of 
about 25 miles, trends about N. 46° W., and paral- 
lels most of the anticlines in the area. Viewed 
broadly, it is a deeply eroded anticline resting on 
the granitic rocks of the Sweetwat«r VaDey and 
formed on the northern limb of the giant Sweet- 
water anticline. Enight' considered the range as 
due to a great overthrust fault and shows the fold 
as a lai^e monocline — that is, a fold in which the 
strata all dip one way^and Trumbull,' appar- 
ently following Knight, also considered it a mono- 
cline, but a map by Darton ' shows a vestige of 
a southwest limb at the north end. Along the 
northeast side of the mountains are the Big- 
horn, Rattlesnake, and Arago oil basins of some 
writers. 

In plan the visible part of the fold is about one- 
third as wide as long and is encroached upon on 
all sides by the overlapping horizontal white and 
variegated beds deposited during and after the 
principal period of deformation. These level beds 
conceal the true relation of the Alcova and Dut- 
ton anticlines to the folds in the Rattlesnake 
Mountains. The outcrops of the formations in- 
volved in the folds of the Rattlesnake Mountains 
occur, in plan, in parallel bands with a south- 
westward-bending hook at the north end. At both 
ends they pass under younger flat beds. The nor- 
mal dip and strike of the strata have been dis- 
turbed by late intrusive rocks, as shown in figure 22. 

■ Kniglit,W.C.,op. dt.pp. ai. 

• Trumbull, L. W., Froapccttva oil Hdds: W;aiiliig 0«ol. Snrr*; Bull. S, 
ddi of Wyoming: Wyoming Qsol. Bamj Bon. 19, p. 139, ISlfl. 
dc Bnd IfMoioic ot ceatnl Wjooliig: Oaol. Boc Amvloa BnD., Tifl. It, pi. 9a, 
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This probably explains a small shallow syndine between Arthur Peak 
and Devils Saddle, in T. 32 N., Rs. 86 and 87 W. Large masses of 
intrusive porphyritic andesite form Garfield Peak, Arthur Peak, 
Devils Saddle, and Groat Moimtain. The large white mineral in the 
porphyry is oligoclase-albite and the large black ones alkali pytoxenes. 
SmaUer masses of the same rock are f oimd also at many other places, 
shown on Plate XXIII. The sedimentary rocks surrounding these 
igneous rocks usually dip away from the intruded mass, but not un- 
commonly they are overturned and dip toward it. 

A transverse section through the range south of the J E ranch and 
from Black Mountain to Wallace Creek (fig. 21) shows only a few beds 
dipping at low angles into the Deer Creek syncline, but east of the 
granite core these beds, as well as those which are shown by cross 
hatching on the map, dip about 45^ E., and many others, mostly those 
not indicated by a pattern on the map, dip east at angles of 25^ or 
more for a distance of over 6 miles. North of this section the beds on 
the west limb of the fold dip 37® or more, and in sees. 14, 24, and 25, 
T. 34 N., R. 89 W., a minor short syncline is developed on the main 
fold, as is shown on the map by the indentation of the cross-hatched 
area. A similar section through Arthur Peak (fig. 22) shows only 
eastward-dipping strata, tilted at angles of 16® to 40®, which grad- 
ually flatten and pass under the nearly level variegated beds and into 
the F L syncline on the east. The higher dips in general occur along 
the hogbacks forming the foothills of the moimtains (the outer part 
of the area indicated by cross-hatching on the map). 

The range viewed lengthwise along the summit displays from the 
southeast for 15 miles a granite and schist base, partly veneered with 
flat strata, which are here and there distorted by late intrusions. The 
folded sedimentary formations at the northwest end of the mountains 
dip on an average about 24® N. for a distance of 8 miles and then pass 
bcmeath the horizontal variegated beds. 

It is possible that near the head of Horse Creek there is along the 
southwest side of the moimtains a northwestward-trending fault. A 
large fault here, which was assumed by Knight ^ to connect with the 
alleged large fault at Alcova, is highly problematic, but credence is 
lent to this assumption by the fact that a large warm spring in sec. 35, 
T. 32 N., R. 86 W., issues from the supposed fault plane. Probably 
there is no fault of great ma^tude at this place, for there is no marked 
offset of the formations near Deer Creek, in T. 34 N., R. 89 W., and 
the south end of the supposed fault near Alcova is not evident. There 
is, however, in T. 33 N., R. 88 W., at the north end of the Rattlesnake 
Mountains, a fault a few miles in length, but no further positive evi- 
dence was seen of such a large fault as would be necessary to account 

1 Knight, W. C, op. cit.,p.Q;i. 
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for the absence in the Sweetwater Valley, southwest of the Rattle- 
snake Mountains, of the older as well as the younger folded forma- 
tions that are present on the northeast side of the moxmtains. The 
formations probably once extended across Sweetwater YaUey and have 
been eroded, because all of them having similar characteristics are 
foimd at Whiskey Peak and Green Moxmtain in Tps. 27 and 28 N., 
Rs. 89 and 90 W. 

The indications of oil found at many places in the Rattlesnake 
Moimtains are confined chiefly to the conglomerate (see section on 
PL XXni) in the lower part of the Cretaceous and to the Dakota. 
These have been described by Aughey, Ricketts, Knight, and Trum- 
bull in the papers already cited. At the Lew Smith spring, in sec. 
26, T. 32 N., R. 86 W., a very small quantity of dark asphaltum 
issues from the bottom of a ravine in the flat-lying beds. It originates 
in either the conglomerate or the sandstone (Dakota), which are 
only a few feet below the surface. Southwest of Oil City, where the 
same conglomerate is more extensively satxu^ted, a dark asphaltum 
oozes from its outcrop. A small outcrop of a higher sandstone 
(Frontier) m this vicinity, in the SE. J SE. J sec. 8, T. 32 N., R. 86 W., 
shows traces of oil. Between this locality and Grarfield Peak no oil 
was found, but north of the peak, on Wallace Creek and on small 
draws cutting the upturned rocks in the hogback ridges from sec. 
28, T. 33 N., R. 87 W., to sec. 34, T. 34 N., R. 88 W., the same con- 
glomerate and sandstones as are found farther south are saturated 
with oil, and from seeps along the creek valleys dark asphaltum 
accumulates to considerable depth over many square rods. In this 
district there are traces of oil in all the formations from the Chug- 
water to the Dakota, also in the Frontier, and even the Teapot 
sandstone at Phayles Reef, in sees. 4, 5, and 9, T. 33 N., R. 87 W., 
is saturated with oil. The indications of oil are less and less pro- 
noimced toward the north end of the mountains, where there are no 
showings whatever. 

The exact location of the two wells of the Central Association of 
Wyoming, drilled 700 and 900 feet deep, which passed through the 
''Fox Hills" [Frontier] and obtained some light oil, and of the one 
sunk by the Northwestern Oil Co. in September, 1887, which also 
obtained some light oil and water at 480 feet in the ''Fox ELills" 
[Frontier], is not recorded ^ unless, as seems probable, they are the 
ones shown by Knight in sec. 34 and in sec. 28 or 29, T. 34 N., 
R. 88 W. 

Two other shallow wells have been drilled along the mountains, 
one 1,130 feet deep at Oil City, which struck only a slight showing of 
oil at a depth of 500 feet, and one near the west quarter comer of 
sec. 20, T. 33 N., R. 87 W., which obtained a showing of oil and gas. 

' Aughey, Samuel, op. cit., p. 134. Ricketts, L. YT ., op. ci.t.,p.^5>. Yjoi^fioX.,'^ .C.,o^. clt., p. 28,map. 
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During the summer of 1913 some prospecting was done with Star 
rigs along the east side of the mountains, but no oil was obtained. 

The Rattlesnake anticline is not considered favorable for the con- 
servation of oil and gas, because none of the oil-bearing formations 
are closed tightly below thick shale beds in anticlinal folds. The 
fact that oil escapes from the outcrops of the formations along the 
east flank of the mountains seems to signify that most of the oil has 
been forced by water pressure to the outcropping edges of the forma- 
tions, so that little remains m them at present, and wells driUed 
down the dip from the outcrop may be expected to strike plenty of 
water. It is not considered that the outcrops of these more or less 
saturated sandstones and conglomerate are so clogged with oxidized 
oil and asphalt as to make them reservoirs for oil down the dip, as 
occurs in some of the California fields.* This mifavorable view of 
the significance of such seeps is supported by the fact that the beds 
dip rather xmiformly along the whole front of the mountains except 
in the area affected by the Wallace Creek dome ( ?), so that no struc- 
tural terraces or minor anticUnes occur. 

WALLACE CBEEK D01IB(?). 

A fold somewhat resembling a dome occurs in T. ?4 N., R. 87 W., 
far out on the northeastward-sloping beds involved in the upturned 
limb of the Rattlesnake anticline or along the west limb of the F L 
syncline, according to the viewpoint of the individual. The syncline 
has been referred to as the Powder River syncline.* Wallace Creek, 
a tributary of Powder River, has eroded the flat-lying variegated 
beds from most of the township and displayed older folded rocks, 
which show dips of 3° to 10° or in some places 17°. In a section 
taken in a N. 45° E. direction across the northwestern part of the 
township there are strata dipping southwest as well as northeast, 
but in one taken in a similar direction through the dome and along 
the creek only eastward-dipping beds occur. A low arch is present in 
a section taken in a northwesterly direction. The folding seemingly 
did not progress sufficiently to form a complete dome, as there are no 
southwest dips along the south side of T. 34 N., R. 87 W. 

The Wallace Creek dome ( ?) is less attractive than some other areas 
as a possible oil reservoir, because the proved oil-bearing formations 
are too deep to be reached easily by the drill. The highest sandstone 
showing oil in the region is the one saturated with oil at Phayles 
Reef, m sees. 4, 5, and 9, T. 33 N., R. 87 W. It is at least 4,000 

> Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Coalinga district, Cal.: U. S. 
Q%iA. Survey Bull. 398, pp. 187-189, 1910. 

s Woodruff, E. O., and Winchester, D. E., Coal fields of the Wind River region, lYemont and Natrooa 
OOcmtieB, Wyo.: U. 8. Oeol. Survey Bull. 471, p. 553, pis. 49, 56, 1912. 
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feet and perhaps much more below the surface. Before the Wal- 
lace Creek dome (?) is finally condemned as oil territory, a well should 
be drilled deep enough to test this sandstone. If a test well is to 
be drilled, preparations should be made to go 6,000 feet or more if 
necessary.* 

The Franco-American well, in sec. 16, T. 34 N., R. 87 W., though 
not completed when the area was examined, struck no oil. The 
well was sunk more than 2,000 feet and may have reached well into 
the Lance formation. 

It is interesting to note that the largest showings of oil in the up- 
turned beds along the Rattlesnake Moxmtains are almost directly 
opposite the dome on Wallace Creek and that the heavily saturated 
Phayles Reef lies in the intervening area, but it is impossible to say 
whether or not this intervening area contains a body of oil. 

ALCOVA ANTICLINE. 

The town of Alcova is about 30 miles up North Platte River from 
Casper, in the midst of an area of' folded rocks that have been ex- 
posed by the erosion of the river. The fold at Alcova may be con- 
sidered as the southward-pitching end of an anticline that is paralleled 
on the east by the F L syncline and on the west by a narrow syndine 
and farther west by a monocline resting on the granitic nucleus of the 
giant Sweetwater anticline. The Alcova anticline is believed to be 
a part of the limb of the large Sweetwater fold. 

The geology at Alcova has been briefly described by Enight,' who 
shows the tated beds as a faulted monochne.^ In a later paper* he 
refers to the fault as the Fremont thrust fault. The stratigraphy of 
this locahty has been described briefly by Darton,* who shows the 
folds as a faulted anticline and monocline. 

The visible part of the unsymmetrical anticline is about 16 miles 
long by about 7 miles wide, and it trends about N. 60*^ W. In pass- 
ing along the southeastward-pitching axis from the northwest comer 
of T. 30 N., R. 83 W., through the Hot Springs goi^e to the vicinity 
of the southeast comer of T. 30 N., R. 82 W., successively highej* or 
younger rocks are encoxmtered. The strata on the broad northeast 
limb dip on an average 10^, whereas those on the narrow southwest 
limb dip as much as 60°, as shown in figure 23. 

The formations involved in the fold at first sight seem to be re- 
peated by faulting, because the broad band of red rocks (Chugwater 
formation) on which Alcova is located is apparently repeated farther 

1 Trumbull, L. W., Prospective oU field at Upton, Buck Creek, Rattlesnake Mountains, and Labaiige: 
Wyoming Oeol. Survey Bull. 5, p. 10, 1013. 

* Knight, W. C, Artesian basins of Wyoming: Wyoming Univ. Bun. 45, p. 230, 1000. 
s Kni^t, W. C, Wyoming Univ. School of Mines, Petroleum ser., Bun. 4, p. 31, 1001. 

* Darton, N. H., PaleoBoic and Mesosoic of central Wyoming: Oed. Soc. Amflrioa BnU., vol. 19, pp. 
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up the North Platte by the alleged Fremont thrust fault, as shown 
by Knight and Darton, but on closer inspection it 
is found that the formations from the Chugwater 
up to the Niobrara may be traced continuously 
from the east limb of the anticline aroimd the point . — L| 

of the fold and along the west limb, except where 
they are covered by fiat-ljHng beds, as just west of 
the river, and connected with the same fonnations 
in the monocline below the Pathfinder dam. The 
traces of these fonnation boundaries are of the form 
of very much depressed Z's, The formations have 
been somewhat compressed on the west limb of the 
Alcova anticline, for even though the beds are on 
edge west of Hot Springs and along the Devils 
Gardens, there is scarcely sufficient width of out- 
crop to accommodate the normal thickness of the 
formations. It is possible that there are some small 
strike faults along the crushed zone that represent 
the southeastward dying out of the large fault on 
the southwest side of the Rattlesnake Mountains 
assiimed by Knight. A small normal fault trendii^ 
southwest about 4 miles northwest of Alcova and 
3 miles east of the Childress ranch, offsets the f orma^ 
tions about 200 feet. 

The exact relation of the folds at Alcova to those 
in the Rattlesnake Mountains, on the northwest, or 
those in the Freezeout Hills, on the south, is ob- 
Bcnred by the unconformable flat-lying beds. The 
strike of the beds in the Rattlesnake Mountains is 
in harmony with the strike of the beds at Alcova, 
and as the fonnations aro the same in each area, 
they probably join beneath the flat-lying beds. The 
Invken line beneath the stippled pattern on the 
map indicates such a connection. The intervening 
distance is about 12 miles, and it is assumed that 
truncated edges of the formations from Cambrian 
to Fort Union abut against the flat-lying beds. It 
is possible that where the fonnations that show 
lai^ seeps of oil along the front of the Rattlesnake 
Iffoontains abut against the level beds these over- 
lying beds may act as a trap, and oil pools may have 
. formed either in the sands below or in the level beds 
themselves, but it is believed that no lai^e pools 
may be expected here. 

The area immediately about Alcova appeieulVj 
has DO future as oil territory, becaiiae tha aiAicWa Sa ««ArA.''«"^ss« 
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all the oil-bearing formations, allowing easy escape of oil and gas 
from the outcrop and leaving no favorable places for pools to be 
formed. No oil seeps were seen about Alcova, and the well drilled 
several years ago in sec. 25, T. 30 N., R. 83 W., 2 miles above the 
village, was a dry hole. Its location is in the syncline between 
the Alcova anticline and the monocline to the west and is in as un- 
favorable a site for a test well as could have been selected. 

BATES HOLE ANTICLINE. 

The anticline in Tps. 30 and 31 N., R. 81 W., in the middle of the 
Bates Hole cbimtry, is a small upwarp trending approximately N. 
45^ W. It lies a short distance northeast of the folded rocl^ at 
Alcova, south of the Goose Egg anticline, and immediately west of 
the highly folded and faulted rocks of the Laramie Mountains. It 
is in hne with the axis of the F L syncline, which lies west of the 
Pine dome and Oil Moimtain anticline. The axis of the Bates Hole 
anticUne pitches at both ends at low angles and has a sag a short 
distance north of the south township hne of T. 31 N., R. 81 W., 
making two unequal parts, of which the larger is the broad southern 
portion of the anticline, in the northeast comer of T. 30 N., R. 81 W., 
and the smaller the narrow northern portion of the anticline, in the 
southwest comer of T. 31 N., R. 81 W. A small strike fault, not 
shown on Plate XXIII, occurs south of the middle of the anticline. 
The anticUne has a narrow west limb in which the beds dip from 70° 
to 90° and a broad east limb in which the same beds dip less than 40°. 

West of the small north end of the Bates Hole anticline and sepa- 
rated from it by a narrow syncUne is a small dome or short simple 
anticline covering less than a square mile. The dips in the encir- 
cling sandstone ridges that indicate its presence are about 50° on 
all sides. 

In this small dome and also in the north end of the main antidine 
the Dakota sandstone is from 500 to 800 feet below the surface. 
The Tensleep sandstone is less than 1,500 feet below the surface in 
the middle of the southern part of the anticline. Because of the 
presence of this and other sands ,which yield oil or show indications 
of it in other localities, there is a possibihty that the Bates Hole 
anticUne may contain oil or gas. No indications of oil, however, 
were found on it at the surface. 

GOOSE EOG ANTICLINE. 

The faulted anticlinal fold of the Casper Range, a part of the giant 

fold of the Laramie Mountains, enters the southeast comer of this 

field in T. 32 N., R. 81 W., and structurally terminates in the anti- 

cUne forming Goose Egg Mountain, a small outUer separated from 
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the m^in range by North Platte River.* The mountain rises about 
1,000 feet above the river. 

The Goose Egg anticline as expressed in plan consists of a series 
of nesting V-shaped lines representing structure contours or even 
contacts of formations that open toward the Laramie Mountains 
and point westward. Its axis, sloping down from the giant anti- 
cline of the Laramie Mountains, pitches at a fairly high angle and 
trends a little south of west, at a considerable angle to the axes of the 
surroimding anticlines. (See PI. XXIII.) The Casper fault,' which 
brings the granite to the surface in the Laramie Moimtains, and the 
Emigrant Gap anticline limit the Goose Egg anticline on the north- 
east. As viewed in a north-south cross section near the highest 
part of the moimtain the strata on the south flank of the anticline 
dip from 16® or possibly less to 21®, as shown in figure 24, but north 
of the axis in a narrow crushed zone they dip at very much higher 
angles and are even overturned. North of the highly tilted beds 
the dips decrease rapidly and the strata flatten, forming the large 
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FiouBK 24.~SectIon through the Ooose Egg anticline, Wyo. 

bulge or arc on the north side of the anticline, as indicated in Plate 
XXIII. 

The Goose Egg anticline is not considered favorable for the accu- 
mulation of oil and gas, because all the oil-bearing formations are 
exposed at the surface except the Tensleep sandstone, which is only 
a few feet below the river. This probably is water-logged even on 
the crown of the anticline, for a large spring that is used to irrigate 
about 1,000 acres of Bessemer Flats issues from the base of the 
Chugwater formation in the crest of the anticline. 

IBON CBEEK ANTICUNB. 

The Iron Creek anticline occupies a small area in the northwest 
comer of T. 32 N., R. 82 W., where its crest is shown by inclined 
sandstone beds that form encircling ridges about an inner shale 
basin, and each sandstone is in turn surrounded by a shale valley.' 

> Hsyden, F. V., U. S. Oeol. Survey Terr. Fourth Ann. Rept., pp. 26r28, 1872. 

'Haydm, F. V., idem. Darton, N. H., PaleoKOio and Meeoxoio of central Wyoming: Qeol. Soe. 
Amirloa BaU.. vol. 19, pi. 21, 1008; Preliminary report on the geology and underground water resources 
of the ontraL Oreat Plains: U. 8. Geol. Survey Prof. Paper 32, pp. 53-65, 1905. Bamett, V. H., Possi- 
faiUtiM of oil in the Big Muddy dome, Converse and Natrona counties, Wyo.: U. 8. Oeol. Survey Bull. 
981, pp. 105-117, 1915. Spencer, A. C, The Atlantic gold district and North Laramie Mountain&^^^ci.\ 
U. 8. QeoL Survey BuU. 626, pi. 4, 1916. 

• BajdsD, F. v., <^, ott,, p. 28. 

43768''— BuU, 641—17 18 
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It is the fold connecting the Oil Mountain and Goose Egg anticlines. 
Like the Oil Mountain anticline, it trends northwest, but it is nearly 
at right angles with the Goose Egg anticline. The strata on the 
north end of the Iron Creek anticline dip 42^ ; those on the south end 
only 11®. The strata on the east side dip from 20° to 60° and the 
same beds on the west side from 31° to 62°, as shown in figure 25. 

Iron Creek anticline 

«^>v 

5.000 

FiouBE 35.— Section through the Iron Creek anticline, Wyo. 

The fold is ideal for the accumulation of oil and gas in wet rocks, 
but only the drill will show whether or not oil, gas, or water occurs in 
the Cretaceous sands below the Frontier sandstones, or in the con- 
glomerate, sealed below impervious shale. 

OIL MOUNTAIN ANTICUNB. 

The Oil Mountain anticlme, in Tps. 32 and 33 N., R. 82 W., a little 
over 15 miles west of Casper, is a small unsymmetrical fold, whose 
middle portion is indicated by concentric shale valleys and sandstone 
and conglomerate ridges that rise considerably above the surrounding 
country. The lower and outer portions of the flanks of the antichne, 
formed of soft shale, are less conspicuous than the inner portion, where 
the sandstones are exposed. Thestrataof the west limb dip rather uni- 
formly at angles of 29° to 46° close to the mountain, but farther west 
the dips are as great as 80°; those on the east limb dip only 7° out on 
the flanks, but are vertical or even overturned close to the axis. The 
axis pitches abruptly southward and gently northward. (See fig. 26.) 
A strike faidt with a throw of over 1,000 feet repeats the outcrop 
of some of the formations northwest of Oil Moimtain, and the oil 
spring in sec. 28, T. 33 N., R. 82 W., is on the fault plane. East 
of the fault the rocks dip at low angles (3° to 9°) and show a marked 
flattening of the anticline in sees. 15, 16, 17, 19, 20, and 21, T. 33 N., 
R. 82 W., as indicated in figure 27. This flattening lies mostly south 
of Poison Spider Creek and presumably is the "peculiar U-shaped 
fault- of Knight.^ 

At the oil spring in sec. 28 heavy dark oil accumulates on water in 
an old prospect pit. The groimd about the spring is sUghtly satu- 
rated and pieces of .asphaltum lie on the surface. The oil possibly 
comes from the Lower Cretaceous conglomerate, which is only a few 
feet below the surface on the west side of the faidt plane. 

The Tensleep sandstone lies about 1,500 feet below the surface on 
the crest of the Oil Moimtain anticline, and the Lower Cretaceous 



» Knight, W. C, Wyoming Univ. School of Mines, Petroleam aer.. Bull. 4, pp. 85-36, 1901. 
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conglomerate is only a short distance below the surface just west of 
the fault plane in sec. 28. These two locaUties, which are the most 
favorable for the retention of oil because of their position in the anti- 
cline and because some of the oil-bearing sands are sealed in the beds 
underlying them, should be tested before the Oil Mountain anticline 
is condemned as nonoil land. 

HINOB ANTICLINES BETWEEN POISON SPIDEB CBBEE: AND THE 

80T7TH FOBK OF CASPEB CBEEK. 

Between Poison Spider Creek and the south fork of Casper Creek 
there are three minor anticlines on the general anticline which ex- 
tends from the Pine dome to Oil Mountain. These folds when com- 
pared with the Pine dome and the Oil Mountain anticline are small 
in area as well as in degree of deformation and topographic effect. 
They are separated from one another by transverse sags developed 
on the main anticline, as shown in figure 26. The northernmost of 
the three minor anticUnes is about 4 miles long, and the same strata 
on both sides of it dip about equally at angles ranging from 15^ to 30°. 
The middle one is about 3 miles long; the strata on the west side dip 
from 7° to 60**, but those on the east side only from 3"* to 24®. The 
southernmost of the three is very small, being less than a mile long. 
The strata on the east side dip from 6° to 49° and those on the west 
10°. The dip of 49° on the east side is exceptionally steep. 

These minor anticUnes doubtless have afforded opportunities for 
the accimiulation of oil and gas, but whether they still contain oil 
and gas can not bo determined with certainty prior to actual drilling. 
The two wells already drilled are near the axis of the general fold 
extending from the Pine dome to the Oil Mountain anticline, but in 
the cross sag between the Oil Moimtain anticline and the minor anti- 
cUnes. One of these, the Guthery well, 960 feet deep, in the SE. J 
SE. J sec. 18, T. 33 N., R. 82 W., is reported to have obtained a show- 
mg of oU. The Ohio weU, in the NW. i SE. } sec. 18, T. 33 N., 
B. 82 W., obtained showings of oil in the Dakota sandstone, the 
Lower Cretaceous conglomerate, and the Morrison formation, but 
found the Tensleep sandstone, at a depth of 2,715 feet, water-logged. 
These sands, which are all sealed below impervious shales in the 
crowns of the anticlines, should be properly tested by the drill before 
the anticUnes are finally condemned as of no value for oil. The dry 
holes do not necessarily prove that the anticUnes do not contain oil, 
for many dry holes are drilled in and about any proved oil field. 

PINE DOME. 

The Pine dome, a large faulted dome forming Pine Mountain, 25 

miles northwest of Casper, lies just south of the railroads and covers 

most of Tps. 34 and 35 N., Rs. 83 and 84 W. The dome is moderately 
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arched and shows fairly steep dips about the sides, but in a large 
area on the crest or top the strata lie almost flat. (See figs. 27 and 
28.) The dome is limited on the east by the syncline between it 
and the Emigrant Gap anticline. On the northwest a wide cross 
sag south of Powder River station separates it from the Cottonwood 
Creek anticline, and a cross sag at South Casper Creek limits it on the 
south side from the minor anticlines north of Poison Spider Creek. 
The flat-lying variegated beds reach up on its west side. 

This moderately arched dome forms the north end of a com- 
pound anticline that extends from Pine Moimtain to Oil Moimtain, 
trends N. 45® W., and parallels the Rattlesnake and Emigrant Gap 
anticlines. The general fold on which the Pine dome and Oil Moun- 
tain anticline are developed is one of the connecting folds between the 
giant anticlines of the Laramie and Bighorn Mountains, the other 
connecting fold being the Emigrant Gap anticline. The distance 
between the most northerly beds of the Pine dome and the most 
southerly beds of the Cottonwood Creek anticline, a fold situated 
upon the south limb of the Bighorn Mountain uplift, is but 3 miles. 
The relations of the dome to the Laramie uplift on the south are 
even closer. 

The dips on the north, east, and south sides of the dome are low, 
ranging from 6° to 24°, but those on the southwest, west, and north- 
west are from 11® to 90® and some of the strata on the west side 
are even overturned as much as 22®. Because of these high dips 
the resistant sandstone and hard shale beds form about the dome 
encircling hogback ridges that are in places impassable, and the beds 
of soft shale between the sandstone give rise to narrow valleys that 
with the sandstone ridges are continuous around the dome except 
where all are faulted out on the west side, as shown in figure 28, 
or are cut by small dry canyons heading in the moimtain. An 
overthrust fault on the west side has a throw of about 2,000 feet, 
and a similar fault on the northwest side has a throw of about 800 feet. 

No oil seeps were seen in the Pine dome, though it is reported that 
oil has been gathered from a tunnel in sec. 27, T. 35 N., R. 84 W. 
When this tunnel was visited some dirty black water was flowmg 
from it, but no traces of oil were seen. The Pine Dome Oil Co. is re- 
ported to have brought in during the summer of 1914 a 2,000,000- 
foot gas well on the east side of the mountain in sec. 36, T. 35 N., 
R. 84 W., close to the crest of the dome, and just below the gas water 
was obtained, presimiably in the Tensleep sandstone, which is entirely 
sealed in this dome. The Cretaceous sandstones are all eroded from 
the crest, and consequently if oil in commercial quantities exists here 
it must be sought in older rocks, such as the Carboniferous. This 
question can be determined only by drilling. 
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ANnCUNB SOUTHWEST OF POWDEB BIVEB STATION. 

About 2^ miles southwest of Powder River station is a small open 
anticline involving at the surface the coal-bearing rocks that form 
prominent curved ridges of sandstone. Like other anticlines in this 
area it trends northwest. The axis presumably pitches at low angles 
at both ends, even though no formation completely encircles the 
anticline. The arch is limited on the east by a shallow syncline ^ 
that occurs between it and the Pine dome. The beds on the south- 
west side of the anticline dip from 25° to 72°, but the same beds on 
the east side dip 32° or less. 

The Wall Creek sand, which is the principal oil-bearing sand at 
Salt Creek; is at least 3,000 feet and perhaps more than 4,000 
feet below the surface, on the crest of the arch. Because of the 
great depth of this sandstone, if for no other reason, the fold is not 
an attractive place to prospect f6r oil, although the facts that the 
Cretaceous oil-bearing sands are not exposed and that the anticline 
has a fairly large gathering ground in the great F L syncline suggest 
the possibility that it may contain oil. 

COTTONWOOD CBEEK ANTICLINE. 

The compoimd anticline crossed by Cottonwood Creek, in Tps. 
36, 37, and 38 N., Rs. 84, 85, and 86 W., is a minor upwarp on the 
south end of the great uplift of the Bighorn Moimtains. It may be 
considered as a small southward-pitching anticline branching off 
from the margin of the greater anticline. The Cottonwood Creek 
anticline is in line with and probably was developed at the same time 
as the Pine dome and Oil Moimtain anticline, which form a part of 
the fold that unites the Laramie and Bighorn uplifts. It is separated 
into two parts by a low cross sag which is followed by the perennial 
Cottonwood Creek in its eastward course just below the Desert 
ranch. To the north the limbs of the anticline gradually diverge 
and pass into the northward-rising beds of the Bighorn anticline. 
The axis of the northern part of the Cottonwood Creek anticline 
rises and is lost on the south end of the giant anticline of the Bighorn 
Mountains near the north side of T. 38 N., R. 86 W. The crown of 
the southern part of the anticline, in sees. 3 and 10, T. 37 N., R. 85 
W., is shown by the tilted sandstone beds forming escarpments that 
dip away from this area. The part of the anticline south of Cotton- 
wood Creek is short, as the area of sandstones in the middle is only 
about twice as long as wide, but, as shown in figure 29, the slightly 
dipping west limb continues across the flats to a point within a short 
distance of the railroad, where the dips increase rapidly, giving in 

> Woodruff, E. 0., and Winchester, D. E., Coal flelds of the Wind River region, Fremont and Natrona 
CouaUm, Wyo.: U, 3, QeoL Sonrey Boll. 471, p. 567, pi. 56, 1912. 
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effect a broad, low arch. Its axis trends in general northwest, but 
just west of Powder River, in the southwest comer 
of T. 37 N., R. 84 W., its direction is assumed with 
question to be east of north. The nver crosses the 
extreme south end of the fold. 

The strata on the east side of the Cottonwood 
Creek anticline dip 25° to 30°, much more steeply 
than those near the crown on the west side (6° to 
10°), but not so steeply as those on the extreme 
west side (60" or more). In this respect the anti- 
dine is like those on the south and west sides of 
the 5eld. 

The Toltec well, in sec. 11, T. 37 N., R. 86 W., 
near the crown of the anticline, struck much warm 
sulphur water under considerable pressure at a ^ 
depth of 915 feet, in the conglomerate which is § 
shown on the stratigraphic section on Plate XXIII. H 
He Cottonwood Creek anticline is likely to be bar- h 
ren of oil and gas because the upper oil-bearing | 
sandstones are exposed at the surface, allowing | 
opportunity for the oil to escape, and the lower I 
sandstones and conglomerate are water laden. ^ 

— I 

The Big Sulphur Sprmgs anticline, in Tps. 37 and S 
38 N., Rb. 83 and 84 W., is crossed by South Fork | 
of Powder River and is one of the minor folds S 
branching off from the Bighorn anticline. A cross | 
sag followed by the river separates the anticUne ^ 
into two parts, one south of the river and the ^ 
other on the slope of the Bighorn Mountains. The 
axis of the anticline is sinuous but in general 
^nds northwest. South of Big Sulphur Springs 
the dips on the east flank are about 30° and those 
on the west flank about 5° ; south of the river those 
<m the east limb are about 10° or less and those 
<ni the west from 1° to 4°, as shown in figure 30. 
This anticline differs from many of the other anti- 
dines in this region in having low dips on the 
weet limb and steep dips on the east. South 
of the river a small fault at right angles to the 
axis has a throw of some 300 feet, and the beds 
on the north side have moved up relative to 
those on the south side. The fol^ng lietd ia souAax W ^%.^\£^'>2t^ 
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Cottonwood Creek anticline in trend and in that a small anticline 
is separated by a cross sag from the main uplift of the Bighorn 
Moimtains. 

Big Sulphur Springs anticline 
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FioxTBB 30.— Section throu^ the Big Sulphur Springs anticline, Wyo. 

The Big Sulphur Springs anticline is not considered favorable for 
the accumulation of oil and gas, because the conditions are similar to 
those in the Cottonwood Creek anticline, where the sandstones even 
near its crown contain water imder pressure. 

EMiaBANT GAP ANTICUNB. 

The Emigrant Gap anticline is just west of Casper and trends 
about N. 45° W. from the Casper fault/ at the north side of the 
Laramie Mountains, to the Chicago & Northwestern Railway, a dis- 
tance of about 20 miles. It is parallel to and about 10 miles east of 
the general anticline on which the Pine dome and Oil Mountain anti- 
cline are developed and with those uplifts forms a uniting fold be- 
tween the giant anticlines of the Bighorn and Laramie mountains.' 
The anticline is much broader at the south end than it is at the 
north, as is indicated by the tapering outcrop of the formations in- 
volved in the sharp fold. (See PI. XXIII.) Between this and the 
Big Sulphur Springs anticline there is a cross sjmclinal area which is 
the eastward continuation of the one at Powder River station, be- 
tween the Pine dome and the Cottonwood Creek anticline. The 
axis of the Emigrant Gap fold is nearly in line with that of the Big 
Sulphur Springs anticline. 

The dips of the beds on the narrow west limb of the Emigrant 
Gap anticline range from 40® to 70° and those on the east side near 
the axis from 8° to 30°, but farther east terrace-like structure is 
shown by the semicircular outcrop of the sandstones and shales in 
the southern part of the anticline (see PI. XXHI), where the dips 
are as low as 1° to 7°, as shown in figure 31. The anticline is crossed 
near the middle by a cross sag that divides it into two parts. The 
southern part is the more pronounced because it is folded more, is 
eroded deeper, and is marked by prominent sandstone ridges, but it 
is the less attractive economically because nearly all the oil-bearing 
formations in it are exposed. The northern part has neither been 
folded so much nor eroded so deeply as the southern part and offers 



> Hayden, F. V., U. 8. Oeol. Survey Terr. Fourth Ann. Bept., pp. 95-28, 1872. 
'Idem, p. 28, 
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more inducement to prospecting, for some of the oil-bearing forma- 
tions in it are sealed below shale. (See figs. 31 and 32.) 

North of the cross sag which divides the anticline into two parts 
there are two minor upfolds on the main fold. They are indicated 
in the field by inclined beds of Frontier sandstone that form 
encircling ridges and escarpments. The southern one is dome- 
shaped and lies in sees. 19, 20, 29, and 30, T. 34 N., R. 81 W. The 
dips on the west side are about 70°, but those on the other sides are 
oiJy 6° to 9°, as indicated in figure 32. On the crest of the dome 
the beds of sandstone are flat. A slight cross trough on the main 

Cmiqrmnt Gap anticline 




FioURB 31.— Section through the south end of the Emigrant Gap anticline, Wyo. 

anticline, on which is located the United States Greological Survey 
primary-control station in the SE. i SE. J sec. 24, T. 34 N., R. 82 W., 
separates the dome from the northern one of the two minor upfolds. 
This cross trough, instead of being a topographic depression hke 
most of such features, is an eminence rising 5,955 feet above sea 
level. 

The northern one of the minor upfolds, an ideal fold for the 
accumulation of oil and gas in wet rocks, is in sees. 15, 22, 23, 24, 25, 
and 26, T. 34 N., R. 82 W. The dips on the southwest side average 
about- 70®; those on the northeast are about 8®. Because of this 
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FiouRK 32.— Section near the middle of the Emigrant Gap anticline, Wyo. 

great difference in the tilting of the beds the sandstones on the 
northeast side form q, prominent, impassable southwestward-facing 
escarpment, but in contrast the same rocks on the southwest form 
only low hogback ridges. The crown of the anticline, in the SW. i 
sec. 23, is shown by the outcrop of a hard shale, forming a shght hill 
in a large shale basin. This minor upfold is separated from the north 
end of the main fold by a slight cross trough near the comer of sees. 
9, 10, 15, and 16, where the sandstones close over the principal arch. 
The crown of the north end of the main anticline is mostly confined to 
sees. 4 and 9, T. 34 N., R. 82 W., and sec. 33, T. 35 N., R. 82 W, Tk^ 
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dips on the west side of the north end of the Eknigrant Gap anticline 
range from 30^ to 50^, and those on the east side are 20^ or less. 

The Emigrant Gap anticline shows no oil seeps and has not been 
prospected except by two wells far down on its east limb, on Casper 
Creek, and by a shallow well in the SE. J sec. 9, T. 33 N., R. 81 
W., drilled in the smnmer of 1914 by the Monongahela Oil Co. 
The well last mentioned, which is near the axis of the anticline and 
near the cross sag that divides the fold into two parts, obtained a 
flow of strong sulphur water at a depth of 240 feet. The anticline 
merits consideration as a favorable fold for the acciunulation of oil 
and should be prospected farther south, in the south-central part of 
of sec. 25, T. 33 N., R. 81 W., to test the Tensleep sandstone, which 
is about 1,000 feet below the surface; also farther north in sees. 9 and 
23, T. 34 N., R. 82 W., and in the northeast comer of sec. 30, T. 34 N., 
R. 81 W., to test the Mowry shale, the Dakota sandstone, the Lower 
Cretaceous conglomerate, and possibly the Morrison formation, 
which are from 500 feet or less to 1,000 feet below the surface. The 
first wells should be drilled near the center of sec. 23, T. 34 N., R. 82 
W., and if the formations named are found to be water-logged there 
it would probably be of little use to drill in the other localities in the 
northern part of the anticline. 

NOBTH CASPEB CBEEK ANTICUNB. 

The North Casper Creek anticline, a simple fold in Tps. 36 and 37 
N., Rs. 81 and 82 W., is about 22 miles northwest of Casper, between 

N.Casper Creek anticline 
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FiouBK 33.— Section through the North Casper Creek anticline, W]ro. 

the old Hemmingway and Roseberry ranches. It is sometimes 
referred to as the Hemmingway dome. The anticline lies northeast 
of the Emigrant Gap anticline, and its trend is parallel to that of the 
other anticlines in this general region. Unlike most of these folds, it 
produces httle effect on the topography because of the slight magni- 
tude of the fold and because erosion has barely exposed one of the 
oil-bearing sands (the Wall Creek) on the very crown of the arch in 
the midst of Cretaceous shale. 

In plan the formations crop out in eUiptical bands about the anti- 
cline, the crest of which Ues near the southeast comer of sec. 1, T. 36 N., 
R. 82 W., where the Wall Creek sand is exposed. As shown in figure 33, 
in transverse section the strata on the west side dip at angles of 8^ or 
less, but east of the axis the dips are somewhat higher and in one 
place reach 45°. In a lengthwise section the axis is gently arched 
and pitches both northward and soulYx^acd ^\. «iX^^<«& o{ about 6^. 
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The steep dips on the east side are in harmony with similar dips on 
the east side of the Big Sulphur Springs and Castle Creek antidines, 
but in contrast to the dips on the east side of the other anticlines in 
this area and those in the near-by Powder River * and Salt Creek * 
anticlines. 

There are no oil seeps in the North Casper Creek anticline, and the 
three wells drilled about it struck considerable water in all the 
sandstones they encountered. However, an area about 4^ miles 
long by li miles wide, or about two-thirds as large as the proved 
Salt Creek field, yet remains on the crown of the anticline, and it 
must be drilled before the presence or absence of oil can be fully 
determined. All the sands that show indications of oil in this field 
or adjacent fields, except the Teapot and the Wall Creek, are beneath 
the surface in this anticline. One or two deep wells drilled in sec. 1 , 
T. 36 N., R. 82 W., would perhaps show whether this anticline con- 
tains oil, which the three wells drilled to the northwest of its crest 
have not conclusively done. These wells have shown that the sands 
in the lower parts of the anticlines are full of water, but other test 
wells higher up on the arch might strike oil or gas or both. 

CASTLE CREBK ANTICUNB. 

The Castle Creek anticline, an open fold in Tps. 37 and 38 N., Rs. 
80 and 81 W., near the head of Castle Creek, is indicated on the 
ground by a westward-facing escarpment of Shannon sandstone, 
trending northwest across the west side of T. 38 N., R. 80 W., and a 
low northward-facing rim of the same sandstone on the north side 
of T. 37 N., Rs. 80 and 81 W. South of the 33 Mile ranch, in sec. 5, 
T. 37 N., R. 81 W., the escarpment fades away, owing to the greater 
softness of the sandstone and perhaps to its thinning. The axis of the 
fold, which trends northwest, may possibly represent the southward 
extension of the axis of the Powder River anticline,^ and if so con- 
sidered the axis as a whole is sinuous, like that of the Big Sulphiu* 
Springs anticline, with a sharp bend along the east side of T. 39 N., 
R. 81 W., to conform to the outcrop of the sandstones. 

The strata on the east limb of the Castle Creek fold dip about 15^, 
and those on the southwest limb about 7°, as shown in figure 24. So 
far as observed there are no northward or northwestward dipping 
rocks in the Castle Oeek fold, and thus the axis pitohes gently south- 
east. For this reason none of the formations encircle the fold, and 
in this sense the anticline is at present incomplete. 

The drill hole of the Midwest Oil Co., near the east quarter comer 
of sec. 31, T. 38 N., R. 80 W., is in a well-chosen locality near the 

> Wcgemann, C. H., The Powder River oil field, Wyo.: U. 8. Oeol. Survey Bull. 471, pp. 56-75, 1912. 
s Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. 8. Geol. Survey Bull. 4j^l^\(^. 
37-S3, 1911. 
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middle of the fold. It was sunk to a depth of about 2,000 feet and 
-o "o b b b * ^'^^^^ ^** *^'' '*^**i"®^ io *^® shale above liie 
q S. o. q I W^aU Creek simd, but as this was the objectiTe 
sand of the test well and as it was found to con- 
tain water drilling was stopped. Two wells have 
been started in sec. 28, T. 38 N., K. 81 W., but the 
first was abandoned before being finished and oper- 
ations on the other, owned by the Cafiper Oil Co., 
which started in October, 1914, ceased in January, 
ldl5, at a depth of 1,900 feet. This well is entirely 
in shale and has struck no oil or gas. No oil seeps 
were seen during the field examination, and none 
are reported as oocuiring here. The antidine may 
not contain oil or gas in commercial quantities, 
though it is situated only a few miles southwest of 
the Salt Creek oil field, the most productive field 
in Wyoming, 

POS8IBIIJTIE8 OF OBTAININO OII>. 
From the results obtained by the weDs already 
drilled in this field, which have cost at a moderate 
^ ,. ^ estimate over (200,000, it would seem at first thought 

f 11 " ° ' 3 that the country should be condenmed as oil terri- 
tory and thftt further expenditure of large sums of 
"I money would be fruitless. But if oil and gas in 
I Wyoming have accumulated according to the anti- 
clinal theory, which demands, in water-saturated 
rocks, that they are forced to or toward the crowns 
of the anticlines, and as this theory applies to the 
productive Salt Creek and Bighorn Basin fields, then 
the anticlines in central Wyoming have not been 
thoroughly and properly prospected. Nearly all the 
wells have struck large flows of water in the several 
sands from the Wall Creek down to the Tensleep, 
and as these sands outorop either in the mountains 
of this area or in those adjacent to it, it is highly 
probable that the sands in all localities, except pos- 
sibly in the structurally higher parts of some of the 
anticlines, contain water. 

The attention of those who may in the future 
prospect in this area should be directed toward the 
most promising places in the most favorable anti- 
clines and away from those which on account of 
pitching only in one direction or on account of hav- 
ing been eroded too deeply are not favorable for the 

accmnulation of oil or gas. There are a few antidinee in the area 
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in which possible oil-bearing sands are not exposed at the surface. 
As the rocks are charged with water under pressure, these places 
should be tested if further prospecting is attempted. The anti- 
clines in which one or more of the oil-bearing formations — the 
Frontier sandstones; Mowry shale, Dakota sandstone, Lower Cre- 
taceous conglomerate, Morrison and Embar formations, and Ten- 
sleep sandstone — ^lie within reach of the drill beneath thick shale 
beds are the North Casper Creek, Iron Creek, Emigrant Gap, and 
Oil Mountain anticlines, the minor anticlines north of Poison 
Spider Creek, and the anticline southwest of Powder River sta- 
tion. The most promising of these are the Emigrant Gap anti- 
cline (northern part), the minor anticlines between Poison Spider 
Creek and Casper Creek, the North Casper Creek anticline, and pos- 
sibly the anticline southwest of Powder River station; and should 
these prove after thorough prospecting to be barren of oil, then the 
chances are against finding oil in the other anticlines of the area. 
The proximity of the North Casper Creek anticline to the proved 
Salt Creek dome suggests the possibility of there being an oil pool at 
this locality. The first two wells drilled in the summer of 1913 did 
not test the !North Casper Creek anticline sufficiently to prove its 
character. As has already been pointed out, the wells are not located 
on the crown of the anticline, and two of them were drilled either only 
into the Wall Creek sand, which is exposed on the crown of the anti- 
cline, or only through the Frontier formation. There are no oil 
seeps from this sandstone where it is exposed on the crown of the 
anticline, and the negative results of drilling, taken in conjimction 
with the absence of oil seeps, prove conclusively that this sand, which 
is the chief oil-bearing sand of the Salt Creek field,* does not carry 
oil in the North Casper Creek anticline. The well drilled in the fall 
of 1915 by Mr. Fitzhugh and associates was farther up on the anti- 
cline and was sunk as deep as the Lower Cretaceous conglomerate 
and obtained water; therefore it has, with the other two wells, 
proved that a large part of the North Casper Creek anticline is barren 
of oil, and there remains only a few square miles of the highest part 
of the crown yet unprospected. Oil in this anticline may possibly 
be f oimd in some lower sand, such as those in the lower part of the 
Frontier, the Lower Cretaceous conglomerate, or the Morrison forma- 
tion, which lie 100 to 1,500 feet below the Wall Creek, or possibly 
the Tensleep, which is about 3,400 feet below the Wall Creek, or in 
some of the numerous intermediate sands. One or two wells drilled 
near the southeast comer of sec. 1, T. 36 N., R. 82 W., to a depth of 

I Wegmaim, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. 8. Qeol. Survey Bull. 452, pp. 
37-83, 1911. 
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about 3,500 feet, would possibly demonstrate whether this anticline 
contains oil. 

Some of the same formations as those noted above are sealed below 
thick shale beds in the minor anticlines on the northern part of the 
Emigrant Gap anticline. The Mowry shale is the lowest formation 
exposed in them, and it is possible that the imderlying sands, at 
depths less than 2,500 feet, may be oil bearing, especially as this part 
of the Emigrant Gap anticline is one of the nearest anticlines in the 
entire area to the great Powder River basin and hence has a large 
gathering ground for the accumulation of oil and gas. However, 
whether or not it contains oil can not be foretold prior to a test by the 
drill. Test wells should be located in sees. 9 and 23, T. 34 N., R. 82 
W., and the first one should be drilled in sec. 23, which is the most 
promising part of the anticline. 

Conditions similar to those in the northern part of the Emigrant 
Gap anticline exist in the minor anticlines north of Poison Spider CSreek, 
and these anticlines should be tested near the SE. \ NE. \ sec. 3 and 
the center of sec. 12, T. 33 N., R. 83 W., and possibly near the east 
quarter comer of sec. 18, T. 33 N., R. 82 W. 

The formations from the Frontier to the Tensleep are below the 
surface of the Iron Creek anticline, and it is possible that the Mowry 
shale or some of the imderlying sandstones or the conglomerate might 
contain oil or gas. A test well on Iron Creek within the inner sand- 
stone rim would probably determine, if drilled to a depth of approxi- 
mately 3,000 feet, whether or not oil is to be obtained in this anticline. 
The Mowry shale is about 500 feet below the surface, and the Lower 
Cretaceous conglomerate and Morrison formation would be reached 
at a depth of about 1,500 feet. 

Likewise, the crest of the Oil Mountain anticline itself should be 
tested. Perhaps in this fold oil may be foimd in some sand like the 
Tensleep. A 1,500-foot well, properly located, would test the Ten- 
sleep sandstone in this anticline. 

Attention should be paid also to the area southwest of the fault 
northwest of Oil Mountain, for this area is opposite the oil seep at 
the fault, and there is west of the fault an area of arched beds involv- 
ing at the surface rocks as low as the Dakota. A well aboui; 1,800 
feet deep would possibly demonstrate whether or not the Lower Cre- 
taceous conglomerate, the Morrison formation, and the Tensleep sand- 
stone wiU yield oil in this place. 

The Wall Creek sand is from 3,000 to 4,000 feet below the crest of 
the small anticline southwest of Powder River station, otherwise this 
fold might be considered favorably as a place to sink a test welL 

Conditions similar to those in the Oil Mountain anticline exist in the 
south half of the Emigrant Gap anticline, where the Sundance fonna- 
tion occupies the crown of the anticline and the Tensleep sandstone 
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is about 1,000 feet below the level of North Platte River. The Bates 
Hole anticline falls in the same class. 

The Pine dome has been shown by the well of the Pine Dome Oil 
Co. to contain gas, and as the Tensleep sandstone is wholly sealed 
here, the dome looks hopeful. 

The large quantities of asphaltum on Wallace Creek and its tribu- 
taries along the east front of the Rattlesnake Mountains naturally 
suggest that there is an oil pool somewhere to supply the asphaltum, 
unless, as is possibly the case, the rocks are so eroded as to have 
allowed all the oil to escape. It should be noted that these excep- 
tional showings of oil along the mountains are almost directly oppo- 
site the Wallace Creek fold and that a line drawn from the middle 
of that fold to the exceptional seeps along the mountam would pass 
close to Phayles Reef, which is highly saturated with oil. These 
seeps may be in some way related to the Wallace Creek fold, where 
perhaps the oil is caught, but in this fold all the formations below the 
Teapot sand of the Mesaverde formation, which outcrops at Phayles 
Reef, are beyond the reach of the drill. 

The United States Geological Survey can not state positively that 
oil or gas in commercial quantities exists in any of these anticlmes, 
but it does suggest that some of them appear, after field examination, 
to offer favorable conditions for the accumulation of oil and gas. 
Drilling is the only method of ascertaining whether or not oil or gas 
can be f oimd in these folds. 



ANTICLINES IN THE BLACKPEET INDIAN RESERVATION, 

MONTANA. 



By Eugene Stebinger. 



INTRODUCTION. 

The discovery of small quantities of oil and gas in several anticlines 
along the eastern front of the Rocky Mountains west of Calgary, 
Alberta, has aroused interest in the possible oil and gas resources of 
the formations in this general region, especially of the southern 
extensions of the folded and faulted beds that were productive in 
Canada. This interest has led to drilling for oil and gas at places 
within a few miles of the northern boimdary of the Blackfeet Indian 
Reservation, on the west edge of the plains. A similar interest, in 
1900-1902, led to drilling in the Cretaceous rocks at several places a 
few miles west of the west boundary of the reservation, close to the 
mountain front. 

A report on the possibilities of finding oil and gas in a large area in 
north-central Montana east of the Blackfeet Indian Reservation has 
recently been issued,* and the Blackfeet Reservation itself, shown in 
figure 35, has now become the center of similar inquiries. The pur- 
pose of this paper is to give a brief account of the geologic forma- 
tions in the reservation and of their lay or geologic structure, and a 
more detailed description of the anticlines and of the formations that 
appear to contain oil or gas in southern Alberta and northern Mon- 
tana. An intelligent search for oil or gas in the reservation must be 
based on a knowledge of these geologic facts. Reports that describe 
coal * and low-grade iron ore ' and the general features of the geology 
of the reservation have already been published, and it is now consid- 
ered desirable to summarize the facts bearing on the oil and gas 
prospects. 

The general conditions in this region suggest that drilling in the 
Blackfeet Indian Reservation would have about the same chance of 

1 stebinger, Eugene, PoBsibllities of oU and gas in noitii-central Montana : U. S. Geol. 
Survey BuU. 641, pp. 49-91, 1916 (Bull. 641-C). 

* Stebinger, Bngene, Oeology and coal resources of northern Teton County, Mont. : 
U. S. GeoL Survey Bull. 621, pp. 117-156, 1916. 

* Stebinger, Eugence, Titanlferous magnetite beds on the Blackfeet Indian Beservation, 
Mont : U. S. GeoL Survey Bull. 540» pp. 88S-842» 1918. 

43768°— Bull. 641—17 19 ^^ 
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success as in the adjacent region in southern Alberta, extending from 
the international boundary northward to Calgary — a region in which 
drilling by over 40 companies during the last three years has been 
i*iightly successful. The similarity of the geologic features in these 
two regions may be summarized as follows : 

1. The Colorado shnle and the Kootenai formation, which yield 
most of the oil and gas so far found in southern Alberta and northern 
Montana, underlie the greater part of both regions. 

2. The belt of folded and faulted strata along the front of the 
Rocky Mountains is continuous from one to the other of these regions, 
and in this belt the productive anticlines near Calgary and the folds 
in the Biackfeet Indian Reservation are both in places somewhat 
compressed and in others are associated with faults. 
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3. In the area east of the disturbed belt in both regions great thick- 
nesses of nearly horizontal strata that have no strongly marked 
structural features, such as anticlines and synclines, overlie tiie 
possible productive formations. 

IXICATION AND SURFACE FEATURES. 

The location and area of the Biackfeet Indian Reservation are 
shown on the index map (fig. 35). The reservation lira wholly in 
Teton County, occupying nearly all its northern half, and oontains 
about 2,425 square miles. The international boundary between Al- 
berta and Montana forms its northern limit. The country is a 
gently sloping, nearly treeless plains region, which is everywhere 
easily accessible, presenting few obstanles to the construction of 
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railways or roads. The plains slope gently upward to the west to 
the base of the mountains, which rise abruptly without marked foot- 
hills. The average elevation of the plains districts ranges from 
»3,800 feet on the east edge of the reservation to about 5,000 feet near 
the. base of the moimtains. The mountains rise with wall-like ab- 
I uptness from 4,000 to 5,000 feet above the general level of the plains. 

The main line of the Great Northern Railway crosses the reserva- 
tion from east to west. Cut Bank, Browning, and Glacier Park are 
the principal stations. Browning is the scat of the Indian agency 
for the reservation. Settlement on the Indian reservation has so 
far been limited almost entirely to its west half, where Indian 
ranches along the principal streams are devoted to the raising of 
horses and cattle. The extensive interstream stretches remain an 
open range, without fences or other improvements. 

In the western part of the reservation, near the mountains, there 
are high, level plains, which comprise numerous isolated tracts, from 
a fraction of a square mile to 40 square miles or more in extent, and 
which are doubtless remnants of an older, almost perfectly formed 
plain. They are covered with a veneer of gravel, made up of kinds 
of rock found in the adjacent mountains, and have remarkably 
smooth surfaces and slope very regularly to the northeast, away from 
the moimtains. Milk River Ridge and St. Mary Ridge are typical 
of the larger of these areas. Below these higher plains there are 
much more extensive lower plains, which, where best developed, also 
carry a veneer of gravel and slope evenly eastward, away from the 
mountains, to merge into the Great Plains. The best examples of 
the lower plains are Carlow Flat, an extensive and very evenly 
graded surface crossed by the Great Northern Railway west of Cut 
Bank, and the equally well developed plain between Cut Bank and 
Grejvsewood creeks, a few miles northwest of Browning. 

FIELD WORK. 

The field work on which this report is based was done by the 
writer alone, during a part of each of the field seasons of 1911, 1912, 
and 1913. The main object of the work was to classify the lands in 
the reservation with respect to their mineral value, and it was there- 
fore necessary to make a regional examination of the geology and a 
close inspection of all possibly mineral-bearing tracts. 

Good topographic maps were available for all the area examined 
and were used in the field as base maps on which to plot the geologic 
data. The land corners in all parts of the region are well marked 
and easily found. Iron pipes marking the boundaries of the lands 
allotted to the Indians have been placed at many of the corners. 
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GEOLOGY. 

STBATIGBAPHY. 

GENERAL FEATURES. 

The geologic formations east of the mountains in the Blackfeet 
Indian Reservation are all sedimentary in origin and range in age 
from Lower Cretaceous to probably basal Tertiary. (See PL 
XXIV.) All the -beds are apparently conformable and afford no 
evidence of break or disturbance between any of them or any indica- 
tioil of an interval of erosion. The sequence of the formations in the 
Upper Cretaceous part of the section is different from that so far de- 
scribed for any other locality in Montana, owing to the fact that in 
this region the marine invasion which is represented by the Claggett 
shale did not extend so far west as the present position of the Rocky 
Mountain front between latitudes 48° and 49° N. An account of 
these relations has already been published.^ 

Tw^o of the formations, the Colorado and Bearpaw shales, are un- 
questionably of marine origin and were laid down in separate epochs, 
during which a comparatively shallow sea covered the entire region. 
The remaining formations are mainly of continental origin — ^that is, 
they are irregularly bedded rocks that were for the most part depos- 
ited by streams and winds on land areas that were only slightly above 
sea level. 

The succession of formations and the principal features of the 
rocks are outlined in the table on page 285. 

1 Steblnger, Eugene, The Montana group of northwestern Montana : U. S. Geol. Survey 
Prof. Paper 90, pp. Gl-68, 1916. 
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Formations occurring east of the mountains on the Blackfeet Indian Reserva- 
tion, Mont. 



System. 



Quaternary. 



Tertiary (?). 



Cretaceous. 



Series. 



Group and formation. 



Thick- 
ness in 
feet. 



Recent. 



Pleistocene. 



Alluvium. 



Glacial drift. 



Eocene (7). 



Tipper Cre- 
taceous. 



Lower Cre- 
taceous. 



Willow Creek formation . 



St. Mary River forma- 
tion (coal bearing). 



Horsethief sand- 
stone. 



720+ 



9S0 



22&-375 



Bearpaw shale. 



490 



Two Me<liclne for- 
mation (coal bear- 
ing). 



Virgelle sandstone. 



Colorado shale. 



Kootenai formation. 



1,950 



220 



1,500± 



Character of the rocks. 



Deposits of small extent found along 
flood plains of the larger streams. 



Bowlder clay, gravel, and lake silt and 
clay. Contains bowlders and cobbles 
of granite, gneiss, quartzite, etc., 
transported from other regions. 
Deposits are of several stages not 
distinguished in this report. 



Variegated clay and soft sandstone, 
chiefly maroon to chocolate-brown 
with subordinate gray, yellow, and 
greenish-gray beds. Fragments of 
fossil bon^ common. Clay in places 
contains thin lenticular beds of pur- 
plish-grav limestone. Forms a red 
soil over large areas. Top not seen . 



Alternating clay, clay shale, and soft 
sandstone: sandstone much cross- 
bedded and ripple marked. Colors 
gray to greenish gray; a few layers of 
dav are red. Contains a few tbin len- 
ticular limestones, many fragments 
of dinosaur bones, and fossil shells. 

Gray to greenish-gray sandstone, 
weathering bufT. Thtn bedded and 
somewhat shaly in lower half. In 
upper half generally massive and 
concretionary, weathering in castel- 
lated forms. In places near the top 
contains titantferons magnetite. Has 
many shell beds, mainly of oysters. 



Dark-gray clay shale with a few lime- 
stone concretions. Contains abun- 
dant marine shells. Forms subdued, 
rounded topography. 



Gray to greenish-gray clav and soft, 
irregular sandstone, which is most 
abundant in the lower 250 feet. In 
places thin beds of red clay and 
nodular limestone. Contains an 
abundant reptilian fauna of Judith 
River types, besides leaves and shells. 
Coal beds near base and at top. 



Gray to bulT coarse-grained, much 
cross-bedded massive sandstone, 
with many ferruginous concretions in 
upper half. In lower half slabby 
gray sandstone, becoming shaly 
toward the base. Contains gas in the 
Havre field and at Medicine Hat. 



2,000± 



Bluish-gray shale with a few limestone 
concretions. Contains an abundance 
of marine shells. Forms a subdued 
and rounded topc^raphy. Complete 
undisturbed section not present. 
Mav contain oil and gas in areas of 
favorable structure. 



Gray sandstone and shale, alternating 
with maroon clay shale. Some of the 
sandstone massive. Conglomerate 6 
to 50 feet thick near center. Carries 
a few leaves and fresh-water shells. 
Complete undisturbed section not 
found. May contain oil and gas in 
areas of favorable %ttMcl\»«. 
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FORMATIONS THAT MAT IN PLACES CONTAIN OIL OR GAS. 

Kootenai formation. — The Kootenai formation is the oldest forma- 
tion seen in the plains portion of the Blackfeet Indian Reservation. 
It is exposed only in the belt of disturbed rocks adjacent to the moun- 
tains but underlies all the plains region. In this disturbed belt 
folding and especially thrust faulting have so greatly deformed the 
rocks that their exact sequence and thickness can not be determined, 
but the exposures are good and the general character of the forma- 
tion is well known. A few miles beyond the west border of the area 
the Kootenai overlies a dark marine shale carrying Jurassic fossils. 
This relation, together with the fact that the Kootenai immediately 
underlies the Colorado shale, gives the formation approximately the 
stratigraphic position of the Kootenai of the Great FiiUs region, 
150 miles to the southeast, which has in turn been correlated with 
the Kootenai formation of British Columbia and Alberta by means 
of the characteristic fossil plant remains, mainly leaves, found at 
both locjilities. 

The Kootenai is composed essentially of alternating dark greenish- 
gray, black, and maroon shales and of gray sandstones that are in 
many places gritty and conglomeratic. A few beds of black car- 
bonaceous shale and some thin streaks of coal are the only indications 
of coal found in the area, although to the north, in Alberta, and 
to the south, in the vicinity of Great Falls, the formation contains 
a large quantity of coal. An irregular bed of conglomerate, which 
is at some places as much as 50 feet thick, crops out at a horizon 
believed to be near the middle of the formation. Beds of sandstone, 
conglomerate, and grit, which must, be considered the more likely 
reservoirs for oil or gas in the Kootenai, are distributed through it, 
generally in beds that range in thickness from 20 to 70 feet. Lime- 
stone in concretions and thin lenticular beds occurs sparingly in the 
shale. 

The thickness of the Kootenai is not determinable at any point 
along its outcrop in the Blackfeet Indian Reservation because of 
its frequent duplication by faulting and because neither its base nor 
its top is anywhere visible. However, its minimum thickness can 
be determined by examining faulted blocks of the formation in which 
no duplication appears. Near Badger Creek (sec. 34, T. 30 N., 
R. 11 W.) 1,200 feet of beds that clearly belong to the Kootenai 
were measured in a single block of the formation that shows no 
repetition by faulting. On comparing this thickness with the meas- 
urement obtained in a well bored about 15 miles west of the reser- 
vation (see well log cited on p. J]05), showing about 580 feet of beds 
that have been assigned to the Kootenai, it is evident that the 
formation becomes thinner toward the east in this region. At Great 
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Falls, where the Kootenai is best known in Montana, it is between 
400 and 500 feet thick. 

No escaping gas or residues or seepages of oil were noted at any 
point in the Kootenai formation in the area here described. Small 
quantities of oil and considerable flows of gas are reported from 
beds in Alberta that are believed to be equivalent to the Kootenai of 
this region. A small flow of gas was also obtained from sands in 
this formation in a well in the Sweetgrass district. 

Colorado shale. — The next unit in the strata overlying the 
Kootenai formation in this region is the Colorado shale, a great 
body of bhiish-gray to black shale containing sandstone beds in its 
lower half. This formation is about 1,600 feet thick in the eastern 
part of the Blackfeet Indian Reservation and underlies nearly all 
the area. It is of marine origin — that is, it was laid down on a sea 
bottom — and contains fossil sea shells in great variety. The rock 
deposited during this marine submergence continues northward into 
Canada and southward into Wyoming and beyond. 

The Colorado shale seems to be the most probable source of oil and 
gas in this region. The only surface showings of oil so far found 
on the plains of northern Montana seep from the lower part of this 
formation, and pay sands that are either in the formation or are 
associated with it are found in adjoining areas both north and south 
of the State. The principal production from the Salt Creek field in 
northern Wyoming, and of all the fields in the Bighorn Basin comes 
mainly from the sands in the lower half of this group of rocks. The 
production of the important gas field at Bow Island, east of Leth- 
bridge, in the province of Alberta, comes from the top of a sand that 
is supposed to lie immediately under this formation. This sand, 
however, is probably in the lower part of the Colorado shale. Like- 
wise, as reported by Dowling,^ a small production of high-grade oil 
from several wells in two anticlines lying southeast of Calgary, in 
the same Province, comes from sands at the same position with 
respect to this shale. 

There are many exposures of the Colorado shale in the western part 
of the Blackfeet Indian Reservation, especially from Two Medicine 
Creek southward, in the belt of disturbed rocks, but the beds are in- 
variably much crushed and crumpled. These crumpled beds of 
bluish-gray to black shale, which contain limestone in concretions 
and thin irregular beds, can not be measured, because they are at 
many places repeated by faulting, and therefore no accurate estimate 
of the thickness of this formation in the western part of the reserva- 
tion can be made. The most extensive exposures appear along Two 
Medicine Creek from its junction with the South Fork in sec. 29, T. 

^ Dowllng, D. B., Correlation and geological structure of the Alberta oil fields : Am. 
Inst. Mln. Eng. Bull. 102, pp. 136a-1864» 1915. 
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31 N., R. 11 W., westward for 8 miles, to the vicinity of Glacier Park 
station. In this stretch continuous exposures show the shale crumpled 
and repeated by faults in a remarkable manner. The upper beds of 
the Colorado shale are exposed at the head of Marias River, on the 
eastern edge of the reservation in sec. 35, T. 32 N., R. 5 W., and from 
this point extensive exposures of the upper beds of the formation, 
which lie nearly horizontal, extend for many miles downstream. The 
log of a well (p. 305) which was drilled through these horizontal 
rocks near Kevin, about 15 miles east of the Indian reservation, shows' 
1,060 feet of shale which doubtless belongs to the Colorado. In addi- 
tion to this thickness, about 580 feet of shale is exposed between the 
site of this well and the base of the overlying Virgelle sandstone, in 
the escarpment lying to the west, making about 1,640 feet in all. 
This is the only available estimate of the thickness of the formation 
in this region. According to the well record mentioned, three sand- 
stones containing gas and water are reported from the lower part of 
the Colorado shale. As these sandstones are overlain by great thick- 
nesses of shale they seem to be favorable receptacles for the accumu- 
lation and retention of oil and gas, which may have accumulated in 
them in commercial quantities in places where anticlines have per- 
mitted their concentration. 

Additional evidence of the presence of petroleum in the lower 
part of the Colorado shale in this region was obtained by the writer 
during the summer of 1916 in the course of field work in the area 
adjoining the Blackfeet Indian Reservation on the south, extending 
across Teton County and into the northern part of Lewis and Clark 
County. The disturbed belt adjacent to the mountains in the Black- 
feet Indian Reservation (see PI. XXIV) continues southward across 
this area and, as in the reservation, affords many exposures of the 
Colorado shale, for the most part much folded and faulted. The 
lower part of this shale formation was found to be petroliferous in 
every extensive exposure for a distance of about 35 miles, extending 
from Dupuyer Creek to Sun River. 

All the " showings " seem to occur at a single horizon in the lower 
part of the formation and are in the form of impregnations of a 
soft tarry bitumen along fracture planes in thin beds of impure 
limestone occupying a zone about 12 feet thick, in bituminous shale. 
The limestone is in beds as much as 8 inches in thickness. It has 
been irregularly fractured by tlie intense deformation in the dis- 
turbed belt, and the fractures are wholly or partly filled with calcite. 
The openings in the calcite veinlets thus formed are generally filled 
with a black tarry substance of high luster, readily soluble in carbon 
disulphide, and soft enough to flow when the thicker accumulations 
are tilted. A thin film of the bitumen is transparent, and it has a 
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deep brownish-red color. It is clearly an impregnation from a 
source outside the limestone, the distance the bitumen was able 
to travel along individual veinlets being readilj determinable in 
many hand specimens. The shale inclosing these fractured limestone 
beds is a dark compact bituminous rock giving a distinct though 
transient odor of kerosene, especially after being gently heated. 
Hand specimens of this material yielded on distillation between 1 
and 2 gallons of petroleum to the ton, and this shale is doubtless 
the source of the tarry material found in the limestone. The total 
thickness of this low-grade oil shale averages about 50 feet. 

The horizon at which these bituminous limestones and shales 
occur is near the base of the thick body of shale making up the 
upper two-thirds of the Colorado shale in this region and just above 
its lower sandy portion, which contains as many as six sandstone 
beds from 10 to 50 feet thick intercalated with the shale and carrying 
Inoceramus and other marine fossils. The principal localities at 
which these bituminous rocks were noted are as follows: On the 
south bank of the Middle Fork of Dupuyer Creek, in the SW. J 
SW. i sec. 18, T. 27 N., R. 8 W. ; on the South Fork of Dupuyer 
Creek, in the NW. J sec. 86, T. 27 N., R. 9 W. ; on the North Fork of 
Willow Creek, in the NW. J sec. 9, T. 24 N., R. 8 W. ; on Deep Creek, 
in the NW. J sec. 28 and in sec. 16, T. 23 N., R. 8 W.; and on 
Sun River, in the SW. i sec. 29, T. 22 N., R. 8 W. 

No seeps or other indications of oil were found on the outcrops 
of the Colorado shale in the Blackfeet Indian Reservation. How- 
ever, the only noteworthy showings of oil so far reported from 
northern Montana occur in the lower half of the Colorado shale. 
W. A. English,^ of the United States Geological Survey, reports an 
occurrence on the north side of West Butte in the Sweetgrass Hills, 
a short distance south of the Canadian boundary. At this locality, 
in a spring on the Roscoe ranch near the line between sees. 11 and 12, 
T, 37 N., R. 1 E., there are slight showings of a light-greenish oil, 
which collects to the extent of about a teaspoonful in every 24 hours. 
Mr. English also reports that extraction tests made on samples from 
outcrops of the sandstone in the lower part of the Colorado on West 
Butte give a good show of oil. That the lower part of the Colorado 
shale in this part of Montana carries petroleum seems to be clearly 
proved by this occurrence. 

Virgelle sandstone. — ^The Virgelle sandstone overlies the Colorado 
shale conformably. The transition from one to the other is marked 
by alternating beds of shale and sandstone lying between the char- 
acteristic rocks of the two formations. The principal member of the 
Virgelle formation is a thick bed of rather coarse-grained, massive 

^English, W. A., perBonal comm\iiiVc%,WoTi. 
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sandstone which forms its upper half. In places it is much cross- 
bedded and contains large ferruginous concretions. At the mouth 
of Cut Bank Creek this formation is 220 feet thick. Near the center 
of T. 35 K, B. 4 W., it is 225 feet thick. Both these measurements 
^ere made on the eastern edge of the Blackfeet Indian Reservation 
and therefore do not apply throughout the reservation. The Virgelle 
was not measured along the outcrops in the disturbed belt of rocks, 
but in the west half of the area its thickness apparently does not 
diifer greatly from that measured to the east. 

The Virgelle sandstone contains large amounts of gas at Havre, 
Mont., along the axis of a folded and faulted uplift.^ This formation 
is also gas bearing at Medicine Hat and other places in southeastern 
Alberta and may therefore contain oil and gas in this general region. 

FORMATIONS ABOVE THE VIRGELLE SANDSTONE. 

Tlie succession of formations above the beds that may contain oil 
and gas in this region includes the Two Medicine formation, Bear- 
paw shale, Horsethief sandstone, St. Mary River formation, and the 
Willow Creek formation, presenting an aggregate thickness of about 
4,400 feet of strata, composed of clay, shale, and sandstone. None 
of these beds has yet yielded favorable showings of oil or gas in 
southern Alberta and northern Montana. They have been drilled 
through in many places in southern Alberta with uniformly negative 
results except for small puffs of gas in rocks that are equivalent to 
the Two Medicine formation. The Bearpaw is a marine shale that 
is roughly equivalent to the upper part of the Pierre shale, which 
in Wyoming and Colorado, notably in the Florence oil field of Colo- 
rado, has yielded oil in commercial quantities. 

The prospects for oil and gas in the formations above the Vir- 
gelle sandstone are meager, so the oil prospector is mainly interested 
in their thickness, the best available estimates of which are given 
in the table on page 285. 

COMPARISON WITH CANADIAN CLASSIFICATION OF FORMATIONS IN 

SOUTHERN ALBERTA. 

The general series of formations that occur in northern Montana 
extends northward into Canada. The changes in the Montana group 
and the thinning out and disappearance of the Claggett shale from 
east to west, which became apparent in the section of Montana, per- 
sist into southern Alberta, where they have been recognized by 
Dowling and are in every way similar. The diflferences in the for- 

1 Stebingrer, Eugeno, Possibilities of oil and gas in north-central Montana : U. S. G«oL 
Survey Bull 041, pp. 49-91, 19ie. ^ 
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mation names used in Canada for the probable oil and gas bearing 
formations relate chiefly to the Colorado shale and the Virgelle sand- 
stone, which the Canadian geologists have classified into three units, 
the Dakota sandstone, Benton shale, and Niobrara sands. The 
"Niobrara sands" are identical with the rocks described as Virgelle 
sandstone in this report. The fact that all the evidence afforded by 
fossils is adverse to the use of the name Niobrara for these sandstones 
was long ago emphasized by Stanton.* 

The Dakota has not been recognized in northwestern Montana at 
any point where the strata in which it should be present have been 
examined, and it is believed that its existence is equally uncertain in 
southern Alberta, where geologists have been inclined to assign to 
the Dakota any sandy beds that occur at its horizon. The sandstone 
beds at Bow Island, elsewhere referred to as Dakota, are probably the 
sandstones in the lower part of the Colorado shale, as stated in this 
report. It is very suggestive that well logs at Bow Island show dark 
shale beneath the pay sands called the Dakota. Matine fossils found 
in the basal sandstones of the Colorado shale in the section in central 
Fergus County in Montana seem to indicate the marine origin of all 
these sandstones, which are very similar to the productive sands in 
the Colorado shale in the oil fields of Bighorn Basin, Wyo. The use 
of the name Benton shale for shale overlying the supposed Dakota 
in southern Alberta is also inadvisable, for no evidence afforded 
either by fossils or lithology is important enough to warrant the 
recognition of the Benton and Niobrara divisions of the Colorado. 
The simple expedient of applying the term Colorado shale to strata 
in northern Montana, which include both Benton and Niobrara, has 
long been in use. 

The Two Medicine formation, as well as the underlying Virgelle 
sandstone, when traced northward appears to be identical with the 
rocks known to the Canadian geologists as the Belly River series. 
In western Montana, however, the Virgelle sandstone is easily distin- 
guished from the overlying rocks and has been mapped over consid- 
erable areas as a distinct unit, so that the term Belly River can not 
be conveniently used as a formation name in the area here described. 

STBUCTUBE. 
EFFECT OF STRFCTFRE ON THE ACCUMFLATTON OF OIL OR GAS. 

It is generally conceded that the accumulation of oil in pools is due 
to some irregularity in the ro<;k bed. If the beds lie flat or if they dip 
slightly but regularly in a certain direction, the oil that circulates 
through the pores of the rock will not tend to accumulate in any par- 

> Stanton, T. W., and Hatcher, J. B., Geology Mi(!L v&\«oii\.c»\^^ ^1 XJofc "i\>ft\NXv '^v-^^x 
beds: U, 8, Qeoh Survey Boll. 267, p. M« 1905. 



292 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PABT H. 

ticular place, but if the beds have been disturbed — that is, bent into 
folds or broken — ^the oil may find a resting place and form a pool. 

The structural form that is most favorable to the accumulation of 
oil is an upwarp or bulge, a feature that is generally known as an 
anticline, but if the anticline has about the same width as length it is 
generally called a dome. Other structural forms that are less favor- 
able to the accumulation of oil are terraces, monoclines, sjniclines, or 
tilted blocks of rock that have been separated from the adjacent 
strata by faults. The degree of deformation of rock beds, however, 
varies greatly. In some places, as in the Kansas, Oklahoma, and 
Texas fields, it is so slight as to be imperceptible to casual inspection 
and requires close instrumental work for its detection ; in others, as in 
the California and Wyoming fields, the tilting may be strongly de- 
veloped, and can be ascertained at a glance by a trained observer. 

The presence or absence of water in the " sands" is a further quali- 
fying factor in determining the location of pools. The following 
statements concerning the presence of water have been verified again 
and again in developed fields : 

1. If the pay sands are saturated with water, the gas and oil, 
which are lighter than the water, will be found above it in the crests 
of domes or anticlines or on the flats or terraces of monoclinal 
structures. 

2. If only parts of the sands are saturated with water, the gas and 
oil will be found at the upper level of saturation, and this level may 
be on the crest of the anticline or may be part way down its sides. 

3. If the sands are dry, the oil will have migrated downward either 
to the troughs of the synclines or to a point where further shifting 
has been prevented by the closeness of the sand. 

4. If oil and gas occur in the same stratum, gas, which is the lighter 
substance, will generally, though not invariably, be found above 
the oil. 

GENERAL FEATURES OF STRUCTURE IN THE BLACKFEET INDIAN 

IfESERVATION. 

The area described in this report can be divided into two large 
structural units, which differ greatly in the degree to which the strata 
have been deformed. A slightly curving line (shown on the geologic 
sketch map, PI. XXIV), extending northward from a point on Birch 
Creek in T. 37 N., R. 9 W., to a point on the Canadian boimdary in 
T. 37 N., R. 12 W., would mark a sharp transition from an area on the 
east in which the beds are nearly horizontal and undisturbed to an 
area on the west, adjacent to the moimtain front, in which the rocks 
have been extensively faulted and folded. The eastern part of the 
area shown on the map is characterized by simple broad belts of out- 



ANTICLINES IN BLACKFEET INDIAN RESERVATION, MONT. 293 

crop that trend regularly northward and the western area by a rela- 
tively complex arrangement of formations. 

In the area where the beds are nearly horizontal they dip in gen- 
eral slightly westward at angles ranging from nearly 0° to 5° in 
gentle undulating folds whose average dip is not over 2°. As a re- 
bult of this average westward dip of the bedrock fonnations the 
youngest or the highest stratigraphically, the Willow Creek forma- 
tion, lies farthest west in these nearly horizontal beds, and the 
oldest, the Colorado shale, lies farthest east on the eastern edge of 
the tract. Thus one who is traveling westward up any of the prin- 
cipal valleys, as, for instance, from Marias River up Cut Bank Creek 
or Two Medicine Creek, would cross all the formations in sequence 
from older to younger in a distance of 35 to 50 miles. Between the 
south slopes of Milk River Ridge and the international boundary a 
broad, open syncline, whose steeper limb is on the west, lies on the 
west border of the area of nearly horizontal rocks. The axis of this 
svncline is between 1 and 2 miles east of the line that marks the 
transition to the disturbed belt of rocks and closely parallels thtit 
line. Farther north, in Alberta, this syncline broadens into a much 
more extensive feature, which reaches to Calgary and beyond. On 
the south it is practically coextensive' with the outcrop of the Willow 
Creek formation and does not reach beyond Cut Bank Creek. 

Minor undulations of the strata in the area of nearly horizontal 
rocks can be seen in detail only along the principal stream valleys. 
In places these xmdulations have produced structural terraces — that 
is, the general westward dip of the beds is interrupted locally by 
flats or benches. Elsewhere dips to the east in this area of generally 
westward-tilted strata indicate slight anticlinal folds. Both these 
types of structure may or may not have acted as relServoirs or traps 
for oil and gas if these substances were once in any of the underly- 
ing rocks. The areas occupied by these structures seem to be m6st 
favorable for obtaining oil and gas in the eastern part of the reser- 
vation. The detailed descriptions which follow treat of twelve 
structural terraces and anticlines that were noted in the course of 
the field work in the area of horizontal rocks. (See map, PL XXV.) 
The change in structure from the nearly horizontal beds in the east- 
em half of the reservation to the steeply dipping disturbed beds 
in the other half is very abrupt. Where exposures are good, espe- 
cially along the major stream valleys, this change can be seen to 
occur within a few feet, there being no intermediate zone of gentle 
folds. 

The belt of disturbed beds adjacent to the mountains that occupy 
the western third of the region here described is a small part of a 
structural area from 15 to 20 miles wide, which extends at least 80 
miles southeast along the east front of the Roclqr Mountains to and 
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beyond Sun Biver and a much greater distance northwest across 
Alberta. Throughout this belt the rocks have been intensely folded 
and faulted by thrust stresses that acted from the southwest. In 
many places the individual formations are so much crushed and 
broken that it is impossible to identify them with certainty. The 
only constant feature in this' whole disturbed area is the general 
northwesterly strike of the rocks. Because of this parallelism of 
strike the more resistant sandstones of the several formations appear 
as numerous strike ridges, and in many places the same hard beds 
are repeated by faulting within short distances. In the Blackfeet 
Indian Reservation the deformation of the disturbed belt accom- 
panied the overthrusting that produced the Lewis overthrust, a great 
fault which can be traced along the eastern face of the mountains in 
the Glacier National Park, just off the west edge of the reservation.* 
The folds and faults in the belt of disturbed rocks along three 
well-exposed linos transverse to the general trend of the belt are 
shown graphically in the structural sections given on Plates XXIV 
and XXV. The only part of this area where large folds were formed 
lies along its eastern edge, which was farthest removed from the 
center of disturbance in the mountains. In the western two-thirds 
of this disturbed belt the beds are so much faulted and crushed 
that they could hardly serve as reservoirs for oil or gas. Large 
anticlines, which are described below, occur at seven localities along 
the east side of the disturbed belt. 

DETAILS OF ANTICLINES AND STRUCTURAL TERRACES. 
ANTICLINES IN BELT OF DIBTUKBED BOCKS. 

Milk River c^ticUru'. — An anticline, here called the Milk Kiver 
anticline, whose axis can be traced for more than 12 miles in the 
disturbed belt, extends northwestward across the south, middle, and 
north forks of Milk Eiver. (See PL XXV.) This is the largest 
and apparently the most promising anticline in the reservation for 
prospecting for oil and gas in the belt of disturbed rocks. The Two 
Medicine is the lowest formation exposed in this anticline, and on its 
crest in each of the river valleys crossed all but about 300 to 500 
feet of these beds have been removed by erosion, so that it is possible 
to explore the underlying Colorado shale and the upper part of the 
Kootenai formation by drilling to depths of not more than 2,500 
feet. The best exposures in this large fold appear in the valleys of 
the forks of Milk River. 

The northernmost outcrops of the Milk River anticline are in the 
valley of North Fork of Milk River, in the southwestern part of 

1 Willis, Bailey, Stratigraphy and structure of Lewis and LlvlngBtoii ranses. Mont;: 
GeoL Soc America Bull.. voL 18, p. 831, 1902. 
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T. 37 N., R. 12 W. The axis of the anticline at this locality is fairly 
well defined and extends through sees. 81 and 32, cutting the section 
line between these two sections about 1,500 feet north of the quarter 
comer. The dips on the east limb of the fold are best exposed in 
the N. i sec. 32, where there are a series of outcrops of sandstone and 
shale whose structure can be accurately determined. The dips in this 
tract range from 30^ to 51° NE. The west limb of this fold is less 
steeply tilted than the east limb, so the anticline is somewhat unsym- 
metric. About 1,500 feet west of the east quarter corner of sec. 31 
the beds exposed dip to the southwest at an angle of not over 4°. 
Farther west on North Fork of Milk River the Two Medicine 
beds are continuous for about li miles upstream, the westward dip 
apparently continuing through all this stretch to the W. i sec. 36, 
where the overlying Bearpaw shale enters in normal sequence and 
it in turn is overlain by the Horsethief sandstone, with its charac- 
teristic oyster beds. The stratigraphic sequence here shown seems to 
prove conclusively that the beds exposed along the crest of the Milk 
River anticline at this point belong to the Two Medicine formation. 
In sec. 6, T. 36 N., R. 12 W., numerous exposures in a tributary coulee 
to Milk River also show the westward-dipping rocks on this fold. 
The low dips on the west limb of this antidine near the axis of the 
fold again appear at this point, where they are only 7° to 8°, but 
farther west the beds are inclined at angles as great as 51^. 

The northward extension of the Milk River anticline is apparently 
interrupted by a cross fault, which trends about N. 80® E., cutting 
through the S. i sees. 29 and 30, T. 37 N., R. 12 W., and extending 
westward into the adjoining township. In the W. J sec. 29 the dips, 
instead of being to the east, as they would be if the east limb of the 
Milk River anticline continued through this locality, are to the west, 
the maximum angle being 60°. From this locality westward the dips 
are all to the west, but instead of the low dips of 4® seen on the 
west limb of the Milk River anticline — ^the dips that would appear 
normally in this position on the fold — ^the dips are as great as 60°. 
The lack of accordance of dip in this tract with that in the area to 
the southeast, along the anticline, seems to prove that the anticline 
does not continue through this area but has been interrupted by 
faulting. About 6 miles farther northwest, however, on St. Mary 
River in Canada, a broad anticline occurs almost exactly on the pro- 
longation of the axis of the Milk River anticline. This is doubtless 
an extension of the same fold. 

The rocks south of the exposures on North Fork of Milk River 
are very poorly exposed for about 5 miles, but in the valley oif 
Middle Fork of Milk River, in the south half of T. 36 K, R. 12 W., 
the anticline is again exposed and its axis, which is fairly well 
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defined, passes through sees. 22, 27, and 34 with a slight curve. 
Here, as on North Fork of Milk River, the fold is not symmetric, the 
steeper limb being on the east. Near the center of sec. 22, about 
1,500 feet east of the crest of the fold, a dip of 56® NE. was noted. 
About 2,000 feet southwest of this locality the dip is 4° SW. A 
quarter of a mile farther southwest it has increased to 18°, and it 
gradually becomes steeper until in the N. i sec. 29 the strata are 
tilted at an angle of about 40®, and again the dark marine shale of 
the Bearpaw is overlain by the Horsethief sandstone in normal suc- 
ceSvSion. In this area on the whole the succession of the strata and 
the character of the folds are identical with those in the area to the 
northwest and seem to prove conclusively that the Milk River anti- 
cline is continuous through the intervening area. 

On the south side of the valley of Middle Fork of Milk River the 
dips outline a fold that is also in harmony with the structure to the 
north. In sees. 33 and 34 southwestward dips of 24° to 34° are 
noted, and the Bearpaw shale and Horsethief sandstone enter in 
normal succession above the Two Medicine formation. The crest of 
the fold, however, is more compressed than it is to the north, the dips 
near the north line of sec. 34 being in opposite directions, those on 
the west having an angle of 58° and those on the east an angle of 
65°. Throughout the W. i sec. 34 and in the E. i sec. 35 dips of 27° 
to 44° were measured at a number of points, indicating that in this 
locality the east limb remains much as it is farther north. In the 
SE. J sec. 26, however, there are several small cross faults, which are 
indicated by westward dips of about 25° throughout about 50 acres. 
This is the only cross fault noted on this anticline. Others are 
probably present and must be considered in prospecting for oil or gas. 

In T. 35 N., R. 12 W., the axis of the Milk River anticline is still 
well outlined by opposite dips in the Two Medicine formation. The 
anticline continues southward beyond South Fork of Milk River 
through sees. 2, 11, and 14, and probably as far as the south side of 
sec. 25. In sees. 3 and 4 the westward dips are much the same as 
those farther north on Middle Fork. Near the center of sec. 15 of 
the same township the Horsethief sandstone, which lies on the con- 
tinuation of its exposures to the north and dips about 30° W., indi- 
cates that the fold still continues in this locality. South of Milk 
River a few exposures of the same sandstone in sec. 26 show that the 
anticline is continuous for at least a mile south of South Fork. 
This fold, however, if extended farther south meets the extensive 
gravel-covered area that forms Milk River Ridge. On the south 
slope of this ridge, in sees. 8, 16, 17, and 18, T. 34 N., R. 11 W., on 
the line of the trend of the Milk River anticline, the exposures are 
fairly good and indicate no anticlinal structure, the beds all dipping 
westward. At this place, therefore, there is probably a cross fault 
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like the one that limits the Milk River anticline on the northwest, as 
already described. The southern limit of this fold must conse- 
quently remain indefinite, as the surface indications do not prove 
its existence for a distance greater than a mile southwest of Middle 
Fork of Milk River. All told, this anticline can be followed for 
about 12 miles, and is the largest single fold found in .the Blackfeet 
Reservation. The lowest stratigraphic horizon reached along its 
crest, and therefore the position that is nearest to the underlying, 
possibly productive sands in the Colorado shale and Kootenai for- 
mation, is in the bottoms of the valleys of the major streams crossed 
by the axis of the fold. These localities include parts of sees. 31 
and 32, T. 37 N., R. 12 W. ; sees. 27, 34, and 35, T. 36 N., R. 12 W. ; 
and sees. 2, 3, 11, 13, and 14, T. 35 N., R. 12 W. The most favorable 
locations for drilling appear to be in these sections. Because of the 
high dips in the east limb of the fold it seems best to drill on the 
west limb, near the axis of the anticline. 

South Fork anticline. — A large fold, the second in size and prob- 
ably in value as a possible reservoir of oil or gas, lies east of and 
parallel to the Milk River anticline and can be traced for about 6 
miles across the principal branches of South Fork of Milk River 
in T. 36 N., Rs. 11 and 12 W., and in T. 35 N., R. 11 W. For con- 
venience of description in this report this fold is described as the 
South Fork anticline. 

This anticline is the only extensive one in the belt of disturbed 
rocks on the reservation which is not bounded on both sides by 
faults. It is bounded on the west by a fault along its entire length, 
but the beds on the east extend into the area of nearly horizontal 
rocks without a break. The desirability of prospecting in this anti- 
cline, however, is somewhat uncertain because of the great thickness 
of rocks that overlies the possible oil and gas sands. At least 400 
feet of the beds of the St. Mary River formation occur at the lowest 
stratigraphic point on the crest of the fold, so that the depth to 
the Virgelle sandstone is over 3,000 feet and the depth to the base 
of the Colorado shale is nearly 5,000 feet. However, if other anti- 
clines in this region should prove productive drilling might be done 
on this fold. On Middle Fork of Milk River the South Fork anti- 
cline is best exposed along the south side of the valley in sec. 36, 
T. 36 N., R. 12 W., and sec. 31, T. 36 N., R. 11 W. The crest can 
be located only approximately between the eastward dips along the 
west line of sec. 31 and the westward dips, which occur about 2,000 
feet to the west in sec. 36. The exposures on the north side of the 
valley are very poor, and the continuation of this anticline northward 
can not be proved from the surface indications. 

Between South Fork and Middle Fork of Milk River the area in 
a line prolonged from this fold affords oi\lj «l i.«^ ^^^Qjsva.<^^\svi^» 

4376f^°~BuU. 641—17 20 
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on South Fork of Milk Biver the anticline is again indicated by 
opposite dips in the cut bank along the south side of that stream. 
Near the center of sec. 8 the dip in the Willow Creek formation is 
lO"" NE., which accords very well with the dip of 18° along the 
same line of strike on the Middle Fork. In the NW. i sec 17, close 
to the west line of the section, the rocks are tilted 30° SW., the 
anticlinal axis cutting through the W. i sec. 8 apparently in close 
alignment with the trend of the fold as outlined on Middle Fork of 
Milk River. 

The southward continuation of the South Fork anticline is very 
indefinite, the area south of the river affording few exposures from 
which its position can be determined. On the south side of Milk 
Kiver Ridge, along the line of C-D on Plate XXV, the crest of a 
fold lying close to the fault block that bounds the Blackfeet coal 
field on the east probably represents a southeastern extension of this 
anticline, but if so its axis in this area has shifted westward to a 
point nearer the fault just mentioned than it is in the area farther 
north. The lower part of the Willow Creek formation outcrops on 
the axis of the fold at this locality. 

Blackfeet anticlines. — A fault block lying between the Milk River 
and South Fork anticlines and extending southward beyond the 
limits of those folds contains rocks that are closely folded, for the 
most part in two parallel anticlines. Coal is exposed on the flanks of 
these folds for about 12 miles along the fault block, and the area has 
been described in a previous report as the Blackfeet coal field.^ Sec- 
tions A-B and C-D (PI. XXV) intersect these folds and give a gen- 
eral idea of their relations to the surrounding structural features. 
They seem to offer little chance of finding oil or gas, because the 
faults on both sides probably limit the area which could serve as col- 
lecting ground for oil or gas. Wells drilled at the lowest strati- 
graphic points on these folds to the highest possibly productive sand 
would have to extend through nearly all the Bearpaw shale in addi- 
tion to the full thickness of the Two Medicine formation, a depth of 
nearly 2,500 feet, and would reach the base of the Colorado shale at a 
depth not much less than 4,000 feet. 

Anticlines on Cut Bank Creek. — On Cut Bank Creek, about 2 miles 
west of Cut Bank School, in sees. 10, 11, 14, and 15, T. 33 N., R. 11 W., 
there are two parallel anticlines whose axes trend about N. 18° W. 
The western of these two folds is closely compressed, the dips on the 
west limb being as high as 70° and those on the east about 60°, the 
axis intersecting a point very close to the southwest comer of sec. 11. 
The axis of the east fold crosses the creek in the southwest quarter of 
the same section. The anticline there is much more open than the one 

1 Stcblnger, Eugene, Geology and coal resources of northeastern Teton County, Mont. : 
U. S. Geo]. Survey Bull. 021, pp. 148-163, 1916, 
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to the west and exposes the Bearpaw shale along its crest, as indicated 
by the cut-bank exposures on either side of the creek. The east limb 
of this fold near the axis, on the south side of the creek, has a dip of 
about 20°. The west limb, on the north side of the creek, has a dip 
of about 37°, and the St. Mary Kiver formation appears in normal 
succession above the Horsethief sandstone, which in turn lies above 
the Bearpaw shale. The rocks exposed in the west fold at this point 
are identical with those of the St. Mary River formation and appar- 
ently belong to that formation, as is shown by the sequence just 
cited and by the absence of indications of faults between these two 
folds. 

Anticline on Two Medicine Creek, — In the valley of Two Medicine 
Creek, near the mouth of Little Badger Creek, in sees. 22 and 27, T. 
31 N., R. 10 W., there is an anticline which lies between steeply dip- 
ping faulted beds on either flank. The axis of this fold can be lo- 
cated approximately by opposite dips on the north side of the valley, 
in the NE. \ sec. 22. Near the center of this section the strata dip 
30° SW., whereas about 2,000 feet to the east similar beds are tilted 
64° NE., this steep dip continuing to the faulted gi'ound in the W. i 
sec. 23. The exposures clearly indicate a moderately compressed 
fold, as shown on cross section E-F (PL XXV), but it was impos- 
sible to determine the formation to which the beds belong. Their 
lithologic appearance indicates that they can be assigned either to the 
St. Mary River or the Two Medicine formation, but as the rocks are 
not in normal secjuence and the fossil shells and dinosaur bones found 
in them are indeterminate, it is not yet possible to decide this question. 

Anticline on Badger Creek. — On Badger Creek, in the east half of 
T. 30 N., R. 10 W., there is a fairly open fold which exposes the St. 
Mary River formation along its axis. The axis trends about N. 15° 
W. and is fairly well defined on both sides of the creek. Its north- 
west and southeast limits, however, are indefinite because of the cover 
of glacial drift, which conceals the rocks in the upland areas on both 
sides of the valley. The dips on the east limb of this fold range from 
15° to 30° and those on the west limb from 30° to 60°. Beds of sand- 
stone in the St. Mary River formation arch over the crest of the 
anticline and are strikingly shown on the north side of the valley. 
The small size of this fold and the great depth to the underlying 
sands that may contain oil or gas seem to offer comparatively little 
inducement for prospecting. 

AKTICLINES AND STBTTOTTmAL TEBBAOES IK THE ABEA OF KEABLT HOKIZOKTAL 

BOOKS. 

Anticline on North Fork of Milk River. — In T. 37 N., R. 11 W., 
there is an anticline in very gently folded rocks ^Vvo^fe ^'i^^ ^^^ss^ 
through sees. 17, 20, and 21, but can not \>^ mo\^ dL^^ax>^\\^l V^^'^xr^^ 



300 OONTEIBUTIONS TO ECONOMIC GEOLOGY, 1916, PABT II. 

The dips that outline this fold are exposed only along the sides of 
the valley of North Fork of Milk River. Near the center of sec 
16, on the northwest side of the valley, the beds dip 1^° NW. The 
strata southwest of this point lie horizontal, as is shown by exposures 
on both the north and the south side of the river. The west limb of 
the fold is indicated in the SW. i sec. 20 by dips of about 2^ SW. 
The strata southwest of this point lie horizontal, as is shown by ex- 
posures on both the north and the south sides of the river. The 
west limb of the fold is indicated in the SW. i sec. 20 by dips of 
about 2° SW. 

The strata exposed in the vicinity of this anticline belong to the 
Willow Creek formation, and a well drilled to the nearest produc- 
tive sand yet found in tliis region would necessarily penetrate all the 
intervening strata between the Virgelle sandstone and the Willow 
Creek rocks, which would include all of the St. Mary River forma- 
tion, Horsethief sandstone, Bearpaw shale, and Two Medicine forma- 
tion — a total of nearly 4,000 feet, in addition to an imdetermined 
thickness of Willow Creek beds— probably about 500 feet. The 
extension of Jihis fold can not be certainly determined from the sur- 
face exposures, as the outcrops of the bedrock formations away from 
the river valley are very meager. In the valley of South Fork of 
Milk River, in sees. 27 and 28 of the township adjoining to the south, 
and nearly on the line of strike, there is no anticline, as the beds dip 
continuously westward. 

Anticline on Cut Bank Creek, — On the south side of the valley of 
Cut Bank Creek, in sec. 34, T. 34 N., R. 9 W., exposures indicate a 
gentle anticline whose axis extends north-northwestward, the axis 
lying approximately along the center of the valley of Willow Creek. 
wliich at this point enters Cut Bank Creek from the south. The 
Bearpaw shale is the surface formation on the fold. In the W. \ 
sec. 34, in a steep bank on the south side of the creek, the clay shale 
beds belonging to this formation dip westward at an angle of about 
2°. On the east side of the same section beds of similar shale dip 
eastward at an angle somewhat under 1°. This fold does not reach 
as far north as the south edge of Rimrock Butte, near the center of 
this township, as is indicated by excellent exposures of the rocks, 
which show a uniform westward dip. The southward extension is 
indefinite because of the poor exposures along the lower part of the 
valley of Willow Creek. Nearly the full thickness of the Bearpaw 
shale is exposed along the crest of this fold on Cut Bank Creek, and 
the overlying Horsethief sandstone lies above the shale less than 1 
mile to the west. The depth here to the top of the Virgelle sand- 
stone is about 2,400 feet. 

Anticline on Willow Creek, — On Willow Creek, in sees. 8, 16, and 
27, T. 33 N., B. 9 W., there are excellent exposures of the crest of a 
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broad, gentle anticline outlined by dips for several miles along the 
valley of the creek. The east limb of the fold shows dips as great as 
4° on the south bank of the creek, near the north line of the section, 
in the NW. i sec. 16. A few hundred yards to the west the beds have 
flattened to a dip of only i^, and where the creek crosses the line 
between sees. 16 and 17 the beds are horizontal. The next exposures 
to the southwest, along the valley of the creek, show rocks that are 
tilted uniformly at an angle of about 2° SW. for about 1,500 feet, 
as far as the exposures continue. The dips indicate that an anticline 
extends in a northwestward direction across the creek near the line 
between sees. 16 and 17. Nearly the full thickness of the Horsethief 
sandstone is exposed along the crest of this anticline, so that in order 
to reach the underlying Virgelle sandstone the drill would have to 
penetrate about 2,700 feet of rocks. 

Small structural terraces on Two Medicine Creek. — On the lower 
part of Two Medicine Creek there are four localities where a flatten- 
ing of the dip in beds that are generally inclined westward produces 
small structural terraces. At each locality these features can be 
seen only in the badland exposures along the sides of the valley of 
the creek, the north and south extent of the structural terraces being 
indeterminate because of the lack of exposures. In the N. ^ sec. 4, 
T. 31 N., R. 6 W., the rocks of the Two Medicine formation lie hori- 
zontal, and the flat or terrace structure apparently continues north- 
ward through the center of sec. 33. Near the east line of the sec- 
tion the beds dip about 2® W., and near the center of sec. 3 they 
again lie practically flat over an area of several hundred acres. 
Still farther east, in sec. 2, these beds dip westward, and this dip 
continues for -several miles downstream. The dips therefore seem 
to show the presence of two small structural terraces, which are 
indicated on the map (PL XXV). Three miles to the southwest, 
in sees. 11 and 12, T. 31 N., R. 7 W., there is another structural 
terrace. In the W. ^ sec. 12 the beds lie nearly horizontal. In the 
E. i sec. 12 they dip about li° W. and then flatten in the E. i SW. i 
sec. 11, west of which they again assume the uniform westward dip 
which continues for many miles up the valley of the creek. These 
four structural terraces on the lower part of Two Medicine Creek 
are all in the lower half of the Two Medicine formation. The 
eastern pair of terraces is probably not more than 400 or 500 feet 
above the top of the Virgelle sandstone, whereas the two farther 
west lie nearly 1,000 feet above the Virgelle. 

Structural terraces in Tps. i?P, 30^ and 31 N.^ R. 9 TF. — ^Between 
Badger Creek and Two Medicine Creek, in sees. 29 and 32, T. 31 N., 
R. 9 W., and sees. 5 and 8, T. 30 N., R. 9 W., there is a structural 
terrace that occupies about 8 square miles. In sees. 21^ 22^ and 2^ 
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the Horsethief sandstone aiT9 St. Mary Biver formation are fairly 
well exposed and dip uniformly 2® SW. Toward the southwert 
these inclined beds flatten first to a dip of about ^^ in the NE. i 
29 and then to practical horizontality near the center of the 
tion. The flat-lying beds, as indicated by exposures of rocks in tke 
coulees, extend southeastward in a belt that reaches nearly to Badgmr 
Creek. The southward extent of this structural terrace could not 
be definitely ascertained, because the exposures along Badger Creek, 
on what appears to be its trend, are very poor. In sees. 7 and 8, 
T. 30 N., R. 9 W., on the north side of Badger Creek valley, the 
Horsethief sandstone dips 1® W., and this dip is probably the con- 
tinuation of the general westward dip on the west side of the stme- 
tural terraces referred to. Farther north, in sec. 19, T. 31 N., R. 
W., in the line of strike of the inclined strata last mentioned, tild 
rocks dip as much as 3° NE., and this dip suggests that the hoii- 
zontal strata near the center of sec. 29 occupies the basin of ^ 
shallow syncline. Farther south the dips, however, clearly indicaiB 
the presence of the structural terrace. Nearly the full thickness oi^ 
the Horsethief sandstone and a few feet of St. Mary River becb 
appear at the surface in this terrace. 

In an area of about 3 square miles that lies at the south edge of 
T. 30 N., R. 9 W., and extends southwestward into the adjoining 
township, there seems to be a second structural terrace. The beA 
lie flat throughout all of sec. 34 and parts of the adjoining sectionSi 
and exposures in the N. ^ sec. 10, T. 29 N., R. 9 W., indicate that this 
area of horizontal rocks extends at least that far south. To file 
west, as indicated by the numerous dip symbols shown on the map 
(PI. XXV), the rocks dip uniformly to the west. Dips of 4® to 6® 
in sec. 9 of the same. township, together with those of 2® to 8® in 
sec. 32, T. 30 N., R. 9 W., indicate that the beds are uniformly tilted 
to the west on the west side of this structural terrace. In the SW. J 
sec. 26 a dip of 7° NE. was noted, which suggests that there is wt 
that locality a sharp reversal of the normal southwestward dip. 

Anticlines on Bla-cktadl Creek. — In the valley of Blacktail Creek^ 
in the southeast quarter of T. 30 N., R. 8 W., a gentle fold is clear|f 
outlined in the upper part of the Two Medicine formation. TliB 
dip of the beds on the west side of this fold is in places as great m 
8°, and many exposures show that the beds are uniformly tilted to 
the west for a distance of about 4 miles along the side. The dip of 
the beds on the east side of the fold is lower but equally persistenlL 
Flat beds were noted in the W. i NW. i sec. 28, and the axis of tba 
fold that extends in a northwest direction crosses near this localii7« 
In order to reach the base of the Colorado shale on the crest of this 
fold the drill would have to penetrate about 3,800 feet of rocks. Hie 
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southeast extension of the anticline just described can not be accu- 
rately determined because of the lack of exposures in the level areas 
southeast of Blacktail Creek. Where the extension of this fold 
should cross Birch Creek the exposures are also very poor, and no 
definite indications of an anticline were noted. 

Rocks dipping in opposite directions on Blacktail Creek, near the 
north quarter comer of sec. 13, T. 29 N., R. 9 W., indicate a narrow- 
crested fold extending in a direction about N. 15® W. The dips on 
the east flank are about 1® and those on the west flank about 2®. 
Bearpaw shale outcrops along the crest of this fold. 

Anticlines on Birch Creek. — ^There is a small, narrow-crested anti- 
cline on the west edge of the area of nearly horizontal rocks on Birch 
Creek, in sees. 4 and 9, T. 28 N., R. 9 W. This fold is exposed only 
along the sides of the creek in outcrops near water level. The beds 
on the west limb of the anticline dip between 8° and 10° and to the 
southwest are cut off sharply by a fault within half a mile of the 
axis of the fold. The beds on the east limb dip about 1®, thus show- 
ing a decidedly unsymmetric fold with a steep flank on the south- 
west. The St. Mary River formation is exposed on the crest of the 
anticline and at water level along the creek there are a few feet of 
the Horsethief sandstone. 

Two miles farther up Birch Creek fairly good exposures indicate 
a second anticline, whose axis, which trends N. 12° W., crosses the 
creek about 900 feet west of the line between sees. 17 and 18, T. 28 N., 
R. 9 W. The Bearpaw shale and Horsethief sandstone are exposed 
along the crest of the fold, and on the west flank a considerable thick- 
ness of the St. Mary River formation overlies the Horsethief. This 
anticline is also unsymmetric, but the steeper flank is on the north- 
east, the dips approaching the vertical. On the southwest side for 
a mile from the axis the dips do not exceed 30®, and for nearly 
half this distance the beds dip gently at angles not much over 8®. 

RESULTS OP DRILLING. 

No drilling had been done on the Blackfeet Indian Reservation 
up to the time of the preparation of this report. Borings, however, 
have been made on the east, north, and west sides of the reserva- 
tion, all of them with negative results. These borings suggest that 
in this region it is useless to drill either in highly faulted rocks, such 
as those ill the west half of the disturbed belt near the mountain 
front, or in areas where the rocks lie very flat. 

The only well so far drilled on an anticline near the reservation 
was located near the crest of a large fold on the line of the Milk 
River anticline, on St. Mary River about 1^ miles north of the bound- 
ary (locality 4, PI. XI^IV). Information concernixi^ t\^L% V^*csrcs>k^^ 
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which was drilled since the writer examined the region, was kindly 
furnished by Dr. James S. Stewart, of the Greological Survey of 
Canada. Only a few hundred feet of the upper part of the Colo- 
rado shale were penetrated according to latest reports, and there- 
fore the boring can not be considered a fair test of the possibility 
of obtaining oil along this fold. The boring was made with a dia- 
mond drill and reached the Colorado shale at a depth of about 300 
feet, after passing through the sandy beds of the lower part of the 
Two Medicine formation and the Virgelle sandstone. By Septem- 
ber, 1915, the drill had reached a depth of 560 feet, and operations 
were suspended. The shale at the bottom of the hole, as shown by 
the drill core, is crumpled and dips at a high angle, although the 
overlying sandstones on the crest of the anticline are practically 
flat. Although the soft shale of the upper part of the Colorado has 
been thus crushed and crumpled, the more rigid sandstones in the 
lower part of the formation and in the Kootenai, like those that are 
exposed at the surface of the anticline, may have been strong enough 
to withstand the stresses that caused the deformation without crump- 
ling and breaking. It is therefore probably in general true that the 
presence of crumpled shale in the larger anticlines in the belt of dis- 
turbed rocks in this region does not necessarily condemn these folds 
for oil prospecting. 

About 15 miles off the east edge of the Blackfeet Reservation, near 
Kevin, Toole County, on the James Miller ranch, a boring 1,755 feet 
deep, sunk in search of oil, passed through the lower two-thirds of 
the Colorado shale and all of the Kootenai formation, and probably 
entered the Jurassic. This well is in the midst of a large area whose 
rocks lie horizontal, as shown by exposures in the vicinity and also 
by the Virgelle sandstone in the prominent escarpment west and 
north of the locality. The boring was therefore made at a place 
where the structure was unfavorable to the accumulation of gas or 
oil. Small flows of gas, however, were encountered at three horizons. 
The log of this well, furnished by H. C. Price, of Great Falls, Mont., 
was as follows: 
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Loo Of well at the James Miller ranch, in the NW. i sec, 25, T. Si N,, R. 4 W, 

[Elevation, 3,360 feet.] 



Probable formation. 



Qlacial driXt. 



Colorado shale. 



Kootenai fomiatioiii. 



Jurassic. 



Driller's description of the rock. 



Loam and gravel. 



Black shale 

Lime shell ^. 

Black shale 

Sand (gas and water). 

Qrav4)lack shale 

Sana (gas) 

Sandy shale 

Hard dark shale 

Black shale 

Gray sandy shale 

Black sand 

Sandy shale 

Light shale 

Sandy shale 

Black shale 

Gray sand 

Sand (gas. best flow) . 
Black shale. 



Light shale... 

Red rock 

Light shale... 
Hardshell.... 
Hard sand.... 

SheU 

Sand. 

Light shale... 

Sand. 

Hardshell.... 
Light shale... 
Hsu-d sand.. . . 
Hardshell.... 
Hard sand.... 
Yellow shale.. 
Gritty sand... 
Hardshell.... 
Black shale.. . 
HardsheU.... 



Limerock.... 
Black shale.. 



Thickness. 



Feet. 



40 



120 
2 

153 
6 

100 
10 
80 
10 

180 
70 
10 
40 
80 

100 

05 

20 

5 

30 



15 
35 
45 

6 
25 

5 
70 
60 
80 
10 
60 
40 
10 
40 
50 
50 

5 
20 

5 



50 
25 



Depth. 



Feet. 



40 



160 

162 

315 

320 

420 

430 

460 

470 

650 

720 

730 

770 

860 

050 

1,045 

1,065 

1,070 

1,100 



1,115 
1,150 
1,105 
1,200 
1,225 
1,230 
1,300 
1,860 
1,300 
1,400 
1,460 
1,500 
1,510 
1,550 
1,600 
1,650 
1,665 
1,675 
1,680 



1,730 
1,755 



Borings were also made just off the west edge of the reservation 
in three places at the base of the mountain front in the Glacier Na- 
tional Park (localities 1, 2, and 3, PL XXIV). All these borings 
seem to have been dry or to have struck only very small amounts 
of gas. The Colorado shale is the surface rock at each of these places 
and the greater part of the beds penetrated belong to that forma- 
tion. At locality 2, near Sherburne Lake, several holes were drilled 
to a depth of about 1,600 feet entirely in the Colorado shale. These 
three places are only a few miles from the trace of the Lewis over- 
thrust, and the whole of the Colorado shale is tilted to the west and 
has been much thickened by crumpling and repeated faulting. The 
negative results obtained at these widely scattered places along the 
base of the mountain front and the geologic evidence that the forma- 
tions on the west edge of the reservation are much disturbed indi- 
cate that this part of the region is unfavorable for oil and gas 
prospecting. 



COALS IN THE AREA BETWEEN BON AIR AND CaJFTY, 

TENNESSEE. 



By Charles Butts. 



INTRODUCTION. 

On the economic-geology map in the Pikeville folio * of the Greo- 
logic Atlas of the United States a strip representing ground between 
Bon Air and Clifty, Tenn., and lying within a space shaded to show 
the probable extent of workable coal beds was left unshaded, pre- 
sxmiably because the knowledge available at the time did not war- 
rant a positive conclusion regarding the coal resources of the area 
represented by the imshaded strip. The absence of shading was sim- 
ply an expression of lack of knowledge, but it has been misinterpreted 
by some persons as a condemnation, so the area has recently been 
reexamined by the United States Geological Survey. It is hoped 
that the following notes giving the results of the examination will 
serve to correct any misunderstanding regarding the probable ooal 
resources of this area that may have grown out of the use of the 
Pikeville map. 

SECTIONS OF THE COAL BEDS. 

Bon Air coal, — In an old, abandoned mine at Owens station 
(locahty 1 on the map, fig. 36), at the level of the creek, the bed of 
coal mined seems to be one of the Bon Air beds. The coal was not 
accessible and could not be examined, but its thickness is reported 
to be variable and to reach a maximum of 28 inches. 

In the "gulf" of Caney Fork, 1 mile south of Welch Knob (2 on 
fig. 36), a bed supposed to be the Bon Air is in part exposed imme- 
diately beneath the basal conglomeratic sandstone of the coal mea- 
sures. The upper 2 feet 6 inches of the bed is visible, and the total 
thickness is reported to be 4 feet. The coal has been dug on a small 
scale for local supply. On Lost Creek about li miles northwest of 
Chestnut Mountain (3 on fig. 36) the Bon Air bed is 44 inches thick, 
apparently all clean, hard, bright coal. 

1 Hayes, C. W., U. S. 0«ol. Survey Qeol. Atlas, PlkevUle folio CNq«21^ A^^^* 
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The Bon Air bed is probably workable as far east-as Owens, thoagh 
present knowledge does not justify positive assertion to lliat effect. 

Clifty coal. — ^The continuity of the Clifty coal as a workable bed is 
uncertain. At the Clifty mines it thins out toward the north along 
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the line A-B on the map. It extends westward along that line as far 
as Owens station. West of Owens it becomes thin and is of little 
value. 
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At a prospoct three-fourths of a mile west of Owens (4 on fig. 36) 
the section of the bed is as shown below: 

Section of Clifty coal bed three-fourths of a mile west of Owens station. 

Shale roof. Ft. in. 

Coal 1 4i 

Clay (exposed) G 

Total coal 1 4i 

A short distance west of this locality the bed is reported to split 
into a number of thin streaks in sandstone. 

At a prospect on the side of the ridge just west of Owens (5 on 
fig. 36) the following measurements were obtained: 

Sections of Clifty coal bed at prospect west of Owens. 

Month of proipeet. 
Shale roof. Ft. in. 

Coal 1 4 

200 feet in. 
Shale roof. 

Coal 2 

Coal and bone 4 

At a prospect about three-fourths of a mile southwest of Owens 
(6 on fig. 36), now inaccessible, the bed is reported to be about 30 
inches thick. 

About li miles south of Owens (7 on fig. 36) the Clifty bed carries 
5 feet of coal, as shown below: 

Section of Clifty coal bed 1\ miles south of Owens. 
Shale roof. Feet. 

Coal 5 

Coal and bone 2 

7 

At locaUty 8, three-fourths of a mile southwest of locality 7, a 
boring was made to the coal, which is reported to be 38 to 40 inches 
thick. 

At a prospect pit on the old Sal Scott place, at the east end of 
Chestnut Mountain (9 on fig. 36), the bed is reported to be 5 feet thick. 
The prospect was closed and the coal was inaccessible. 

On Lost Creek, IJ miles northwest of Chestnut Mountain (10 on 
fig. 36), the bed has the following section in a prospect pit: 

Section of Clifty coal bed 7 J miles northwest of Chestnut Mountain, 

Shale roof. Pt. in. 

Coal 8 

Bone (pyritous) 1 

Coal 1 2 

Bone and coal, mostly bone 1 o 

3 10 
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CONCIiUSIONS. 

* 

The faots here stated constitute all that is known about the coal 
resources of the area represented by imshaded space on the economic- 
geology map in the Pikeville foUo. They seem to justify the belief 
that the Bon Air coal imderlies the area north of Caney Fork to 
a line drawn from Owens to Bon Air and west of a line drawn from 
Owens to Welch Knob. The Bon Air coal is not present, however, 
at the mouth of Clif ty Creek just north of its junction with the river, 
nor on Little Laurel Creek 2 miles south of Chestnut Mountain, where 
♦ the conglomerate above the coal rests upon shale that would underUe 
the coal if it was present. The bed may or may not extend beneath 
the area represented by the imshaded space on the map north of a line 
between Owens and Bon Air. The absence of the bed on Little Laurel 
Creek and at the mouth of Clif ty Creek, together with its thinness and 
irregularity at Owens, shows that it is patchy where it is best known 
and suggests that it is likely to be patchy throughout the area. 

The Clif ty coal can reasonably be considered of workable thickness 
in the area southeast of a line drawn from Owens station to the open- 
ing li miles northwest of Chestnut Moimtain (10 on fig. 36). It is 
absent in the area north of the Clifty mines (north of the line -4-J?), 
where it thins out and disappears. It also thins to a feather edge 
about a mile west of Owens station, and it is not present in the cliff 
at Bon Air. Its absence in these areas may be explained as follows: 
At Clifty the coal is in shale between two sandstones. The two sand- 
stones converge northward and westward and finally imite on a line 
north of Clifty and west of Owens and somewhere between Bon Air and 
locaUty 10 (&g, 36) northwest of Chestnut Mountain, thus cutting out 
the shale and the included coals. The hypothetical limit of the coal is 
indicated by the broken line extended from the line A-B north of the 
Clifty mine. Somewhere north of the broken line in the area repre- 
sented in the unshaded part of the economic-geology map in the 
Pikeville foUo the coal evidently comes in again, for it is a thick and 
valuable bed at the Ravenscrof t mine, at the northwest corner of that 
area. At the southwest angle of the Ravenscrof t workings, however, 
the coal pinches out, as it does north of Clifty, and it is not known on 
the bluff west of Ravenscroft, where the conditions seem to bo the 
same as at Bon Air. 

Present knowledge, therefore, seems to justify the conclusion that 
two coal beds lie beneath the area represented by the unshaded space 
on the economic-geology map in the Pikeville f oUo but that the areas in 
which these coals are workable are patchy in distribution, so that any 
investment or mining in this area should be preceded by careful and 
thorough prospecting. 



OIL RESOURCES OF BLACK SHALES OF THE EASTERN 

UNITED STATES. 



By George H. Ashley. 



PURPOSE AND SCOPE OF INVESTIGATION, 

It has long been known that black shales owe their color to 
bituminous or carbonaceous matter and that most such shales, if 
heated, will yield gas, oil, and other by-products. For many years 
such shales have been distilled for oil in Scotland and other Euro- 
pean countries. The Scotch distilleries are reported to have been 
of the greatest aid to England during the present war in supplying 
the oil-burning ships of her navy, thus saving the excessive cargo 
rates on oil from America. It has long been recognized in this 
coimtry that the time would come when the decline of yield in the 
oil fields would lead to tests of the black shales as a possible source 
of oil. The recent ^"eat increase in the use of light oils in internal- 
combustion engines has renewed interest in the black shales and 
has led to definite exploratory work on certain oil shales of the 
West and preliminary studies on the black shales of the East. Pre- 
liminary reports on the results of the studies of the western oil 
shales by the United States Geological Survey have already 
appeared.* 

In 1914 the writer visited and sampled black shales at a number 
of places east of the Mississippi River. Later other samples were 
obtained in Pennsylvania by E. V. A. Mills and William R. Cam- 
eron, in Ohio by Wilbur Stout, in Illinois by Wallace Lee, in Ken- 
tucky and Indiana by Charles Butts, and in Tennessee by F. R. 
Clark. The samples are described and the results of their distilla- 
tion given in this report. The writer's samples were all cut on the 
outcrop with an army adz. First a trench was dug through the 
weathered surface of the shale until the hard surface of the ap- 
parently un weathered shale had been reached. Then a shallow 
trench the width of the adz was cut in the unweathered rock, and 

^ Woodruff, B. G., and Day, D. T., Oil shale of northwestern Colorado and northeastern 
Utah: U. S. Geol. Survey Bull. 581, pp. 1-21, 1915. Winchester, D. E., Oil shale in 
northwestern Colorado and adjacent areas: U. S. Geol. Surrey Bull. 641, pp. 139-108, 
1916 (BulL 641-F). 
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the material thus obtained was broken down and quartered after 
the manner of taking coal or other samples, until a 5-pound sample 
was obtained, and this was sent to Washington in a canvas bag. 
In most places where samples were taken the soft, weathered portion 
of the shale proved to be very thin and the underlying rock very 
firm and tough. In a few places the shale was exposed as a vertical 
face, with little or no weathered material on the face. 

OCCURRENCE OF THE SHALiES. 

The black shales of the Eastern States are mainly at one general 
horizon, in the Upper Devonian or possibly in part lower Car- 
boniferous, which extends from New York to Alabama and west- 
ward to Mississippi River. Other: extensive deposits of black shale 
occur at one or more horizons in the lower part of the Devonian 
and at one horizon in the Ordovician. In addition, black shales 
overlie some of the coal beds, especially certain beds in the eastern 
interior coal field. 

The principal body of black shale is known as the Chattanooga, 
New Albany, or Ohio shale. This bed underlies the eastern coal 
fields and crops out in a long line from central Alabama northeast- 
ward through Tennessee and Virginia and all around the Nashville 
Basin, in central Tennessee. West of the Appalachian coal field its 
outcrop extends from north to south across central Ohio, passing 
close to Columbus and reaching Ohio River near Vanceburg. Thence 
the outcrop makes a loop through central Kentucky, past Lebanon, 
and noi-thw^ard to Louisville, from which it stretches in a broad belt 
northwestward across Indiana, past Indianapolis nearly to Chicago. 
From this western belt of outcrop the shale extends eastward under 
eastern Ohio and underlies nearly all of Kentucky except the area 
within the loop described and all of Indiana west of the outcrop. 
Samples of this shale were cut at Cumberland Gap, Rockwood, and 
Chattanooga, Tenn., on the eastern front of the coal field ; at Bakers 
station and near Newsom station, Tenn., in the Nashville dome area ; 
and near Columbus, Ohio, and at New Albany, Ind., on the western 
outcrop. 

The Middle and Lower Devonian of New York, Pennsylvania, 
Maryland, and West Virginia contain thick beds of dark shale that 
is locally black and fissile. Samples were cut near Hancock station, 
W. Va., in the black layers of the Onondaga shale member of the 
Romney shale. 

Black shales overlying coal beds were sampled near Boonville, 
Ind., where the No. 5 bed was being stripped by a steam shovel, and 
at Springfield, 111. Few of the black shales over the coals have a 
thickness of more than 5 feet. 
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SAMPLiES OF THE SHALES. 

INDL/LNA. 

Samples were cut at two places in Indiana, at New Albany in the 
New Albany black shale, which is there about 100 feet thick, and 
northeast of BoonviUe, where black shale makes the roof of the No. 6 
coal. 

Sample 1 was cut in the upper part of the New Albany black shale 
in the bank of Ohio River at the mouth of Falling Run, just below 
New Albany. The sample represents a 10-foot section, of which the 
upper 5 feet was taken in the face of a vertical cliff on the east side 
of the run and the lower 5 feet from the shelving exposure just 
below. About 20 feet of black shale, carrying many thin streaks of 
hard, apparently limy shale, is exposed here, of which the sample 
represents the lower 10 feet. The shale in the vertical face was very 
tough. The shale in the shelving river bank breaks out into quad- 
rangular plates 2 to 4 inches thick, which may be as much as 3 or 4 
feet in length or width. . The edges follow jointing planes that run 
S. 65^ W. and S. 30^ W. 

Sample 2 was cut in 1915 by Charles Butts at the same place as 
sample 1. 

Sample 3. Many large bowlders or concretions of the black shale 
occur on the river bank at New Albany. The outside portions of 
these bowlders for a variable distance in are weathered to a gray 
color. The central portions are still a dark bluish black and give off 
a marked oily odor when broken. Sample 3 was made up of frag- 
ments from the black centers of a number of these bowlders. The 
bowlders appear to be concretionary. 

Sample 4. At low water the immediate bank of the Ohio under 
the Kentucky & Indiana Railroad bridge at New^Albany is a gentle 
slope, exposing about 25 feet of New Albany black shale. A trench 
15 feet long and 6 to 10 inches deep was cut in this rock near the 
upper edge of the exposure. Sample 4 was cut in the bottom of this 
trench and represents a vertical thickness of about 5 feet. 

Sample 5 was cut just above the Kentucky & Indiana Railroad 
bridge at New Albany in 1915 by Charles Butts. 

Sample 6. A short distance northeast of BoonviUe the No; V coal 
bed is being stripped on a large scale by the Ohio Valley Coal Co. 
The coal is from 6 to 9 feet thick, and over it is 4 feet of black shale. 
Sample 6 was cut from the full thickness of the shale where freshly 
dug by the steam shovel. The black shale is overlain by 9 feet of 
drab to dark shale, 10 inches of limestone, 6 feet of light-gray shale, 
and 10 feet of light-brownish clay and soil. This sample should be as 
un weathered as any to be obtained by such stripping. 

Sample 7 was obtained from a 5-foot cut m^^Vsrw^T ^^t\. ci\'(^^^ 
feet of dark shale immediately overlymg t\v^ ^"aXfe ca\» lox ^««s^^ 

43768''— Bull. 641—17 21 
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The sample was cut to determine if the dark shales carried even a 
small amount of oil. 

Sample 8 was obtained from a second cut in the black shale im- 
mediately over the coal at a point near the power house at the upper 
end of the stripping. At this place the black shale is 6 feet thick 
and is overlain by 3 to 4 feet of gray shale and 10 feet or less of clay 
and soil. The black shale at this point had been exposed for many 
months, if not a year. It is of interest, however, to note that not- 
withstanding this fact and the small thickness of covering, the 
sample gave a larger yield of oil than sample 6. It may be noted 
that this shale is dead black on the fresh surface instead of having 
the chocolate-brown color of many of the shales sampled. 

ILLINOIS. 

Sample 9 was obtained from the black shale roof of No. 5 coal at 
the East Capitol mine, in Springfield, 111., by breaking up a number 
of large blocks of black shale that had been removed from the mine 
about a week before in cleaning up a roof fall. Only the " hearts " 
of the blocks were taken to avoid including any shale that might have 
been weathered along the joints after the removal of the coal. The 
breaking down of the shale would naturally follow the joints, and 
the joint faces would form the outside surfaces of the blocks. The 
shale appeared to be massive, nonfissile, and blackish drab. 

Sample 10 was cut by Wallace Lee in the roof shales of the No. 5 
coal at the Saline mine, Gallatin County. 

KENTUCKY. 

Sample 11 was obtained by Mr. Butts in 1915 from an 8-foot cut 
in the New Albany black shale at the west end of the canal at Louis- 
ville. 

Sample 12, taken by Wallace Lee, consists of the so-called coal 
1 ash or mother of coal associated with the coal bed at the Barnaby- 
niinc, Crittenden County. 

Sample 13, also taken by Wallace Lee, represents carbonaceous 
shale that lies 50 feet above the Bell coal at Caseyville, Ky. 

OHIO. 

On the recommendation of Prof. J. A. Bownocker, State geologist 
of Ohio, samples were cut in the Ohio shale in a ravine at Glen Mary, 
8 miles north of Columbus. The cuts were made in the nearly verti- 
cal face of a wash, about 200 yards below the pike. 

Sample 14. represents a cut 5 feet long. The shale, after the re- 
moval of 6 inches of weathered rock, broke out in small chips, which 
had a drab color outside or where cut but black cross sections where 
broken. 
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Sample 15 represents a 3-foot cut at the same place but lower in 
the section. Instead of taking all the material, it was prepared by 
using only the " heart " of the largest chips, in the hope of obtaining 
a sample more nearly representative of the rock away from the out- 
crop. About 15 feet of shale shows at this point. 

Sample 16. The Sunbuiy shale in Ohio is in the lower part of 
the Carboniferous system, overlying the Berea sandstone, one of the 
principal "oil sands" of the State. Sample 16 was cut by channel- 
ing from the middle of the Sunbury by Wilbur Stout, at Columbus, 
on the Broad Street pike near Black Lick Creek. 

Sample 17 was cut from the base of the Sunbury shale by Mr. 
Stout on Rock Fork, above the covered bridge northeast of Gahanna. 
The shale is 6 to 8 feet thick and was sampled by channeling. 

PENNSYLVANIA. 

Sample 18. The Upper Kittanning coal is a cannel coal at many 
places in Pennsylvania. Near Cannelton, Beaver County, a deposit 
of cannel coal at this horizon occupies a narrow, oblong oxbow chan- 
nel, 5 miles in length and 600 feet wide. The coal is 15 feet thick in 
the center of the basin, but thins to 2 feet or less at the edges. It 
is underlain by 1 foot of bituminous coal. Over the coal is a black 
shale that in places in the mine has broken down for several feet. 
Sample 18 was cut from the edge of one of these breaks, where the 
shale had been exposed to the air for 60 years or more. The black 
shale roof may have a much greater horizontal extent than the min- 
able coal beneath. I. F. Mansfield, who has mined the coal here for 
many years, estimates that there is a thousand acres of shale from 3 
to 5 feet thick. 

Samples 19, to 24 were taken by E. V. A. Mills in Butler County 
but in connection with the geological survey of the Butler quad- 
rangle. Probably none of these samples represents sufficient thickness 
to indicate a workable deposit, but they are of interest as showing 
what may be obtained from such shales. 

Sample 19 represents a cannel-like shale, 1 foot thick, underlying 
16 inches of thin-bedded black shale and overlying 15 inches of 
mottled clay that in turn overlies the Lower Freeport coal 2 feet 
thick, in the southwest corner of Clay Township. The yield from 
this sample suggests a true cannel coal. 

Sample 20 was taken from the dump of an old mine 1 mile north 
of Muddy Creek, three-quarters of a mile west of the Bessemer Rail- 
road, 1 mile northwest of Queen Junction. The material is probably 
a low-grade cannel coal, apparently about 2 feet thick. 

Sample 21 represents 1 foot of cannel-like shale or caimel coal in 
a weathered outcrop beside the road in t\ve souVJcitn^;^ q.c\\tv^^ <A ^^-^ 
Township, 1,000 feet iwest of the Butler aivd ^^^tc^^t Y^^sa. 



316 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PART H. 

Sample 22 represents 1 foot of cannel shale and 3 inches of cannel 
coal from the unmined roof over the Upper Freeport coal in the 
Muntz mine, just south of Butler. 

Sample 23 was gathered from the dump of an abandoned mine on 
the north bank of Swamp Eun, on the eastern edge of the Zelienople 
quadrangle. The bed is reported to have been lenticular, to have 
had a maximum thickness of 6 feet, and to have consisted entirely of 
black shale at the Lower Freeport horizon. 

Sample 24 represents the lowest 10 feet of a black shale over the 
Upper Freeport coal exposed on the old State road on the hill just 
south of Butler. The upper part of the shale grades into sandy 
shale. 

TENNESSEE. 

The Chattanooga black shale underlies nearly all the upland region 
of middle Tennessee. It crops out along the foot of the escarpment 
east of the coal field and near the foot of the escarpment facing the 
Nashville Basin. West of the Nashville Basin and along Tennessee 
River are many areas where the black shale underlies gentle 
slopes. It was sampled at Cumberland Gap; at Rockwood, where 
the writer was taken to the best exposures by Mr. George E. Sylvester, 
formerly State mine inspector; at the south end of the ridge south 
of Alton Park, near Chattanooga, in some old workings for " phos- 
phate " ; at Bakers station, on the Louisville & Nashville Railroad, 
north of Nashville; and at the top of a quarry about halfway be- 
tween Newsom and Pegram stations, on the Nashville, Chattanooga 
& St. Louis Railway, west of Nashville. 

Samples 25 and 26 were taken at Cuml)erland Gap in the railroad 
cut at the mouth of the tunnel. At this point a fault crosses the 
mountain and the shales are much crushed and contorted. Where 
sample 26 was cut nearly a quarter of the rock is sandy and cal- 
careous material. All the rock has been crushed until it mines out in 
slickensided flakes. These samples do not afford a fair test of what 
this shale should yield away from the fault. 

Sample 27. The samples obtained at Rockwood give a better test 
of the oil contents of the Chattanooga shale along the front of the 
Cumberland escarpment. Sample 27 was taken from a 2-foot cut at 
a corner one block north of the main street, near the railroad, where 
the shale has a high dip and is much crumpled. 

Sample 28 represents a 5-foot cut at a point north of Rockwood 
and west of the iron mines. The shale here also has a high dip and 
is much crumpled. 

Sample 29. A connecting spur built northeast of Rockwood station 
about 1900 cut through the black shale, which at this point has a dip 
of about 15^, but is contorted so a^ to T:^^m\i\ft \syd^\j^x\al Ix&vIq^ cone 
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in cone structure. Sample 29 represents a 3 -foot trench at the west 
end of this cut. 

Samples 30 and 31. Some years ago a mine was opened in the 
Chattanooga black shale a few miles south of Chattanooga, close to 
the road at the south end of a ridge extending south from Alton 
Park. The shale at this place is only 6 feet thick. It is underlain by 
10 feet or more of light-drab clay and overlain in order by 18 inches 
to 2 feet of cream-colored clay, 6 inches to a feather edge of dark- 
drab to black shale, 18 inches of drab shale, 2 feet 6 inches of cream- 
colored cherty clay, and 20 feet or more of gray chert. The rocks 
at the mine have a dip of about 12°. Sample 30 was cut 30 or 40 
feet from the entrance to the mine and sample 31 about 15 feet from 
the entrance. The black shale here is not typical. Sample 30, for 
example, resembles a hard grayish-black massive to fissile clay. 

Samples 32 to 34 were taken at Bakers station, where the Louisville 
& Nashville Railroad crosses the Chattanooga black shale in descend- 
ing from the highland rim to the Nashville Basin. The top of the 
black shale at this point rises above the railroad track a short dis- 
tance above the station, and the whole of it is exposed a short distance 
below the station. The shale has a thickness of 27 feet, of which the 
upper 11 feet is jointed and " sheety " — that is, it breaks out in large 
thin sheets — and the lower 16 feet is fissile. Over the black shale is 
1 foot of green shale with concretions (Maury glauconiti'c member of 
Kidgetop shale), then 30 feet or more of characteristic Ridgetop 
shale. The railroad cut is only a few years old, having been made in 
a realignment and regrading of the road. The dip is less than 1°. 

Sample 32 includes 5 feet of the top of the bed where it reaches 
that height above the drain. Part of the rocks come out in plates 
one- fourth to one-half inch thick, but most of it breaks out as irregu^ 
lar massive chunks several inches thick. In places partly weathered 
pieces indicate that this massive phase weathers into the charac- 
teristic thin flakes. The rocks were shattered by blasting in making 
the cut, and the action of weathering has penetrated along the frac- 
ture planes to a slight extent. The top 18 inches has a chocolate- 
brown streak where cut across, but the next 30 inches gives a blackish- 
gray to grayish-black streak. 

Sample 33, taken at the west end of the bluff below the station, 
includes 5 feet of a section starting 6 feet below the top of the forma- 
tion. The shale is hard and massive and of a dark chocolate color. 
It is strongly jointed, and the long or face joints run N. 63° W. and 
the short or butt joints N. 48° E. 

Sample 84 represents 5 feet in the middle of the lower 16 feet of 
thinly laminated shale. The color is a grayish black. On the joint 
faces the shale has the appearance of a dull-black el^^ . 

Sample 36. Around Newsom and betwe^iv ^ew^owv ^w^ ^^^"sckv. 
are a number of iarge limestone quarries. M. oxia ol >JaftSfc> ^jCo^n^ j 
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-halfway between the two stations, the limestone is overlain by 10 
feet or more of black shale, which is exposed only at the top of the 
vertical face of the quarry. Sample 35 was taken at one side where 
the black shale reaches the slope of the hill and is obviously wea- 
. thered, as after a preliminary trench several feet deep had been cut 
the material taken out below it was soft. 

Sample 36 w^as taken at the same place as sample 33, but from the 
vertical face of the shale at the top of the quarry by cutting steps 
down to a slight quarry shelf. The shale, though dull brown and 
weathered, had the usual firmness. 

Sample 37 was cut by F. R. Clark and represents 6 inches of 
- bituminous shale overlying the cannel coal at Newcomb, Tenn. 

WEST VIBGINIA. 

• 

Samples 38 to 42 wer/e cut in the black shale of the Onondaga 
member of 'the Ronmey shale, of Middle Devonian age, at a locality 
well east of the coal fields, in what has been called the Appalacliian 
Valley. In this pegion the rocks have been closely folded, and it 
was therefore thought that the oil in the black shale must have been 
driven out and that the black color w^as due entirely to the residue of 
carbon. The distillation tests confirm this opinion. The samples 
were cut on the West Virginia side of the Potomac, near Hancock 
station. In the large cut half a mile above the station the rocks dip 
40° S. 45° E. The section shows 25 to 30 feet of black fissile shale, 
25 feet of olive-drab shale, and 40 feet of grayish-black shale with 
rusty joint faces, underlain by the Oriskany sandstone. 

Sample 38 represents a 40-foot cut in the black fissile shale about 
100 feet above the railroad track. This shale was cut out in pieces 
ranging from plates 1 inch thick down to thin scales. The plates 
are rusty on the bedding faces but black on cross faces when broken. 

Samj)le 39 was taken from a 5-foot cut at a bold outcrop of the 
olive-drab shale. 

Samples 40 and 41 represent two cuts in the grayish-black shale. 

Sample 42 was cut in grayish-black shale beside the road to 
Berkeley Springs, about a quarter of a mile from the station. 

DISTILLATION TESTS. 

Two sets of tests of the writer's samples were made under the 
direction of David T. Day by means of an electric furnace or a gas 
heater, in which the temperature was raised slowly until all the oil 
a|)peared to have been driven oflf, when the temperature was raised 
further to drive off the remainder of the gas. The first series of 
tests were of a preliminary nature and were made at the Geological 
Survey by J. A. Dorsey; the second series were made at the Bureau 
of Mines by C. it. Bopps. The samples coWee^^d \tv \^\^ nn^y^ tested 
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at the survey by D, E. "Winchester. In order to show how the 
yields of these samples compare with the yields of cannel coal, re- 
sults obtained from a number of cannel coals that were distilled at 
the same time and in the same manner are included in the subjoined 
table. These coals are described in a ^bulletin on cannel coal to be 
publislied by the Survey. With the possible exception of the Cannel- 
ton cannel they are not as rich as many of the Kentucky cannels. 
TetU ot blacfc thale and of tome cannel cool* from the eatlem United State». 

(B]F Darld T. Daf, eiOBpt tbOM niarind ■, whkh wtn mad* by D. E. WIndiasMr.] 
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Queen JuDctJon, Pa 

Clay Tmnuhip, Pa 

Buller, Pa 
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According to these figures the Devonian black shale can be expected 
to yield not over 10 or 12 gallons of oil, 2,000 cubic feet of gas (as a 
by-product) , and one- third of a pound of ammonia to the ton. Shales 
that are highly folded yield less oil or none at all, though the first 
sample cut at Rockwood, Tenn., gave an unexpectedly high result, 
notwithstanding the folded condition of the rocks at that place. 
Later experiments show that by distillation under steam the yield 
of ammonia may be increased above the figures given in the table. 

It seems possible, if not probable, that many of the apparently 
unweathered samples have lost some or much of their oil. The black 
shale was found to be unexpectedly tough, so that the attempt to 
cut samples in the same maimer as coals or clays are sampled proved 
extremely slow, and, moreover, doubt remained as to whether the 
shale face had been trenched deeply enough to be beyond the reach 
of surface weathering. This toughness will have a marked influence 
on the cost of mining. At the stripping near Boonville it has been 
foimd that the steam-shovel teeth ordinarily used wear out at once 
in digging the black shale, so that it is necessary to use special teeth 
of manganese steel, and even these last only two weeks. 

OIL CONTENT, 

To give some idea of the amount of oil in this shale a few figures 
are given for the body of black shale in southwestern Indiana. The 
weight of this shale is not known. Common shale weighs about 160 
pounds to the cubic foot, or practically twice as much as coal, but 
this weight is reduced by the presence of hydrocarbons, and high- 
grade oil shales weigh as little as 100 pounds to the cubic foot. If 
a weight of 130 pounds to the cubic foot is assumed, it will require 
about 15.4 cubic feet of shale to weigh a short ton. If 1 ton of shale 
is assumed to yield 10 gallons of oil, 100 cubic feet of shale may be 
assumed to yield 64.9 gallons, or say roughly 1^ barrels (of 42 
gallons) . 

The following table gives some measurements of the thickness and 
depth to the top of the black shale at places in Indiana, as obtained 
in drilling oil wells : 
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Reported thickness and depth of New Alhany Mack shale in Indiana. 



Locality. 



Thickness. 



Albion^ Noble County 

Bloomington, Monroe County 

Bridgeport, Marion County 

Brownstown, Jackson County 

Columbus, Bartholomew County 

Crawiordsville, Montgomery County , 

Fowler, Benton County 

Kentland, Newton County 

La Fayette, Tippecanoe County 

Martinsville, Morgan County 

New Albany, Floyd County 

Oxford, Benton County 

Remington, Jasper County 

Rockville, Parke County 

Salem, Washington County 

Seymour, Jackson County 

Thornton, Lawrence County 



Depth to top 



Feet. 


Feet. 


05+ 


375 


120 


7B0 


124 


140 


147 


318 


87+ 


26 


80 


550 


92 


a280 


100+ 


olOO 


120 


100 


120 


408 


104 


80 


100+ 


0385 


85 


5 


102 


1,044 


103 


627 


130+ 


75 


87 


303 



a Roof of black shale is glacial clay. 

These figures give an average thickness of not far from 100 feet. 
As exposed from Jeffersonville to and beyond New Albany, the shale 
shows little variation from top to bottom. It is not certain that 
the black shale as reported in the well logs is all of the same char- 
acter. In fact, some of the exposures of the "black shale'' in the 
northern part of the State indicate that the shale in that region is 
not uniformly black, as is shown by the following section : * 

Section of " black shale " at Delphi, Ind. 

Ft. In. 

Drift 7 

Bluish-black shale, sheety and tough 45 

Drab-grayish, slightly sandy shale 4 6 

Band of gray concretions 6 14 

Drab sandy shale 10 6 

Bluish-gray sandstone 4 10 

Drab sandy shale 5 6 

CJovered 8(?) 

Devonian limestone. 

The log of a deep well at Terre Haute, believed to have gone 
through this black shale, shows the following beds : 

Partial record of deep well at Terre Haute, Ind, 



Bloeahale.. 
Black shale. 
Red shale.. 
Black shale 
limestone.. 
Black shale, 
limestone. 




Depth. 



Feet. 
1,622 
1,637 
1,642 
1,657 
1,662 
1,667 



1 Kindle, B. M., Indiana Dept. Geology and Nat. Res. Twenty-flfth Ann. Rept., p. 583. 
1900. 
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It is a very moderate assumption to place the average thickness of 
the oil-yielding rock at say 30 feet, of which it might be possible to 
mine out one-half, or 15 feet. The New Albany black shale underlies 
nbout 16,000 square miles. If 15 cubic feet of rock weighs 1 ton and 
yields 10 gallons of oil, 10 gallons of oil should be obtainable for every 
square foot of this area in southwestern Indiana. As a square mile 
contains roundly 28,000,000 square feet, the yield would be 280,000,000 
gallons or nearly 7,000,000 barrels of oil to the square mile, or say 
100,000,000,000 barrels for the total area underlain by the shale in 
southwest Indiana. 

FUTURE DEVELOPMENT. 

If it costs as much to mine a ton of shale and distill the oil from it 
as it does to mine a ton of coal, say $1 (as a matter of fact the cost is 
likely to be higher), a barrel of crude oil obtained in this way will 
cost about $4.20. This estimate assumes that the gas yielded is used 
in the distillation of the oil and takes no account of the value of by- 
products nor of the possibility that the oil may yield products of 
higher value than the crude oils now obtained by drilling. 

At present interest in the mining of the eastern black shales as a 
source of oil must confine itself to localities where one of three con- 
ditions is met. The shale can be utilized, first, where it outcrops in 
a position to permit mining on a large scale by steam shovel at a 
minimum cost; second, where coal that is overlain by bituminous shale 
is being stripped ; and third, where a coal bed that is being mined has 
a black shale roof that comes down and must be removed from the mine 
in large amounts. Of these the second condition seems to offer the 
best opportunity for a trial plant, as the overlying black shale must 
be removed in mining the coal. At such pits it would require only 
tliat another shovel be installed to lift the shale, or the small shovel 
now used to lift the coal could be used to lift the black shale first. 
This black shale over the coal appears to have the advantage of a 
higher oil yield. Where the roof shale is as rich as at Cannelton, Pa., 
it may pay to mine the shale with the coal. 

ANALYSES. 

In the Twenty-first Annual Keport of the Department of Geology 
and Natural History of Indiana Hans Duden gives two analyses of 
black shale obtained at New Albany, and as that report is no\y out of 
print, they are quoted here: 
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Analyses of black shale from Xeic Albany, Ind. 



[By Hans Duden.) 



Water expelled at lOO* C 

Water expelled at 100* C. during 4 hours. 

Volatile organic matters 

Fixed carbon 

Fixed organic matters 

Silica 

Sibcates insoluble in UCI 

Pyritic iron and alumina <> 

Ferric oxide 

Calcium oxide 

Magnesium oxide 

Sulphur 



0.50 



14.16 
9.30 



50.53 
25.30" 



.09 
.12 



100.00 



14.301 
9.30 



0.56 
23.60 



65.43 



8.32 
.09 
.12 

2.08 



lOU.OO 



o The amount of pyrite and alumina changes considerably in different layers. This piece had 10.307 per 
oent iron pyrite and 14.033 per cent alumina. 

In the same report Duden gives the results of experiments in 
making illuminating gas from the shale, using as a retort a 4-inch 
pipe 6 inches long, capped at both end.s and connected by a 5 -inch 
pipe with washing and refining apparatus. 



Qas produced from black shale and Pittsburgh coal, 

Qallons. 

5 pounds of Pittsburgh coal lO.") 

8.5 pounds of black .slate 4.") 

8.5 fKmnds of black slate, Ohio banks 50 

8.5 pounds of black slate, Fallinj; Kun banks G5 

15 pounds of freshly broken slate 105 

15 pounds of the .same after exi)osure to air for 14 days 100 

He also quotes from a letter describing an experiment in the pro- 
duction of gas at the New Albany Gas Light & Coke C'o.'s plant: 

I carbonized .T tons of the New Albany black slate and obtained a yield of 
2.20 cubic feet i)er pound of 22-candlepower gas. Ordinary unenriched coal 
gas is about 18 candlepower. The quality of gas, therefore, is better and the 
yield 45 per cent of that obtaineil from Pittsburgh coal. Of the amount of oil 
or tar obtaineil I know nothing, as I dhl not make any measurements. The 
slate does not materially change Its color or form by being carbonized. The 
residue contains much sulphur and, so far as I know, is useless for fuel. 
I made no scientific test. With the arrangement we have for making gas, it 
would not pay us to use the slate, even though we could obtain it for nothing. 
The slate was obtained from near the exiK>sed surface of a creek bottom, and 
I am sure that if a sample was gotten at a greater depth, a much better yield of 
gas would be obtained. 

m 

Duden then describes the oil obtained in his experiments : 

Crude oil obtained by atmospheric pressure from the slate exhibits a black 
coloration, has a very bad .smell, and Is very difficult to refine. In oil obtained 
with stills provided with a vacuum pump the vapors are removed from the hot 
still walls as quickly as formed. At the same time the temperature necessary 
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to form the vapors is materially lowered (about 100* C.)- A vacuum of 15 
inches gave very good results. The oil is nearly colorless and without much 
smell. By leading into the still a small amount of steam and the vacuum ap- 
paratus left as in the last case, then in the watery part of the distillate am- 
monia was increased materially and can be used for manufacturing sulphate 
of ammonia. 

GOVERNMENT INVESTIGATIONS. 

In 1916 Mr. Winchester continued his studies of the oil shale in 
the Uinta Basin of Utah, and it was planned that C. F. Bowen 
should examine the black shale in southwestern Montana, near 
Dillon. In addition to these studies, samples of black shales are 
being collected by other members of the Survey as opportunity offers 
and tested by Mr. Winchester. 

In addition to this work by the Geological Survey, the Bureau of 
Mines proposes to erect a shale retort of the Del Monte type in the 
navy yard at Washington, D. C, for the purpose of carrying on 
preliminary investigations of the commercial possibilities of oil 
shales. This work will be under the direction of David T. Day. If 
the results justify further investigation on a large scale, the bureau 
will probably erect a large retort, with, a capacity of possibly 500 
pounds, at either the petroleum experiment station at San Fran- 
cisco or the Pittsburgh station, for the purpose of obtaining com- 
plete information upon the value and possible by-products to be 
derived from the distillation of shale. This work will be predicated 
upon the results of the distillation of shale in other countries. The 
bureau contemplates sending an expert to Scotland to study the 
Scottish practice at first hand. 
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Book Cliffs, Colo. : 

Green River formation, sec- 
tions 182 

Bopps, C. R. : 

work 318 

Bow Island gas field, Canada : 

structure 88 

Boxelder anticlines, Mont . 70 

Brooks anticline, Okla 35 

Brown anticline, Okla 86-36 

Brown Bear (ozokerite) group, 

Utah 14 

Browns Coulee, Mont. : 

structure 80 

Buck Springs anticline, Wyo 256-256 

section, structural 255 

Butts, Charles : 

Coals between Bon Air and 

Cllfty, Tenn 307-310 

Byram, Miss. : 

section 105 

C. 
Calvert, W. R. : 

Geology of Upper Stillwater 

Basin, Mont 169-214 

325 
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Cambrian rocks (Wyo.) : Page, 

oil 242 

Campbell, M. R. : 

on oil Bhale in northwestern 

Colorado 139-140 

Canada : 

Montana, correlation 61-62, 

282, 2U0-291 
Cannel coal : 

distillation 319 

Carboniferous rooks : 

Montana 218-220 

Casper Oil Co.'s well, Wyo 242,276 

Castle Creek anticline, Wyo 275-276 

section, structural 276 

Catahoula sandstone : 

Vicksburg-Jackson area, Miss — 97, 

105-106 

sections 105-106 

Cedars, Miss. : 

section, stratigraphir 119 

Ceresin. ^•^^ Ozokerite. 
Chattanooga shale : 

oastorn United States 312 

Chinook, Mont. : 

section, stratigraphic 81 

structure 814 

Chugwater formation (Wyo.)- 239,24.^-244 

oil 237, 243 

Clag^tt shale: 

Havre Held, Mont 53,67,72 

Claiborne group : 

Vlcksburg- Jackson area. Miss — 97- 

98,116 

Cllfty coal (Tcnn.) 308-310 

Cloverlv sandstone (Wyo.) : 

oil 237, 244 

Coal : 

p:agle sandstone 142.207-209 

Hound Creek district, Mont. 

(q. V.) 229-231 

Kootenai formation 229-231 

rpper Stillwater Basin, Mon- 
tana (q. v.)>— 142,205-213 
Coal CreeK, Mont. : 

structure 82 

Collins. A. C. : 

work 235 

Colorado, northwestern 144-146 

Green River formation (q. v.) 

162-182.189-190 

maps 142: in pocket 

oil shale___ i;m-142, 147-182, 189-190 

analyses 161 

distillation 141-142 

geology 162-182.189-190 

maps - In pocket 

sections, strntlgraphic__ 107-168, 
170-182: in pocket 

views 144, 145 

section, structural 190 

structure 189-190 

Colorado & Wyoming Land & Oil 

Co.'s (oil) well, Wyo— 239 



Colorado shale : 

Montana 63, 54. 56-58, 69. 

^ 88-91. 222-223. 285. 287-289 

map 64 

Colton. Utah : 

ozokerite 1-2 

Conant Creek anticline, Wjo 254-255 

Cooke, C. W. : 

work 93 

Cottonwood Creek anticline, Wyo. 270-271 

section, structural 271 

Cottonwood limestone : 

Foraker quadrangle, Okia 22-23 

section 23 

Cretaceous rocks : 

coal 202 

Montana 53,54,56-60, 

201-203, 220-223 
section, stratigraphlc 64 

oil 237-238, 244-245 

Wyoming 239. 244 

Crouse limestone : 

Foraker quadrangle, Okla 22 

Culmer Bros.* (ozokerite) mine. Utah- 12 
Cut Bank Creek, Mont. : 

•anticlines 298-299, 300 

D. 

Dakota sandstone (Wyo.) 238,244,245 

oil 244 

Davis, C. A. : 

on oil shale 16^-165 

work 143 

Day, D. T. : 

ozokerite tests 5-8 

work 139, 140, 143, 147, 318 

Devonian shales : 

eastern United States 312-320 

oil content 320-322 

Dog Creek, Mont. : 

structure 86-88 

Dorsey, J. A. : 

work 318 

Dragon, Utah : 

gilsonite . 140 

Duden, Hans : 

analyses of black shale 322-324 

Dutton anticline, Wyo 256-258 

oil 243, 244 

section, structural 256 

E. 

Eagle sandstone : 

coal 142. 207-209 

analyses 210 

gas 68.72-76 

Havre Held, Mont. (q. v.) 68-69, 

72-73 

section 69 

Montana 53, 58-59. 

68-69, 72-73. 201-203 

Edwards city well, Miss 120 

Eldorado monocline. Miss ni 

oil 114-116 
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Eldrldgo. O. II. : Page. 

on origin of ozokerite 10 

Elk Creek, Mont. : 

coal 220-230 

section, Btratlgraphic 229 

Elliott, F. A.: 

work -_- 143 

Kills formation : 

foKsila 219 

Montana 219 

Elm Creok anticline, Okla 39-40 

Emhar formation (Wyo.) 238.243 

oil 238,243 

Emigrant Gap anticline. Wyo 272-274 

aectlona, structural 273 

Eutaw formation : 

oil and gas 116, 117 

Vlcksburg-Jackson area, Miss — 117 
Evacuation Creek, Utah : 

Green River shale, section 183-184 



F. 



Fath, A. E. : 

Anticlinal fold near Billings, 

Okla 121-138 

Faulting : 

effect on gas accumulation 75 

Finch, E. H. : 

work 04, 9r> 

FItzhugh (oil) wells, Wyo_„ 241.242,277 
Flossie Running; After Arrow (oil) 

well. Okla 134 

Foraker anticline, Okla 39 

Foraker limestone : 

contour mnp 20 

Foraker quadrangle, Okla 25 

Sec also Foraker quadrangle. 

Foraker quadrangle, Okla 17-20 

anticlines 33-40 

Cottonwood limestone 22-23 

section, stratigraphic 23 

correlation 29-30 

Crouse limestone 22 

Foraker limestone 25 

contour map 20 

correlation 29-30 

stereogram 32 

geography 19-20 

geology 21-31 

map 20 

Neva limestone 23-24 

correlation 29-30 

oil and gas 47 

prospecting 45-47 

Red Eagle limestone 24-25 

section, stratigraphic 24 

sections, stratigraphic 21,28 

stereogram 32 

structure 32-46 

synclines 40-41 

Wreford limestone 21-22 

section, stratigraphic 22 

Fort Asslnnibone, Mont. : 

gas 72.76 

section, stratigraphic 72 



Fort Union formation : Page. 

coal 143,205-206 

Upper Stillwater Basin, Mont.. 203 
Fossil Butte, Wyo. : 

Green River shale, section 189 

Fourteenmlle Creek. Colo. : 

Green River shale, sections 180 

Franco-American (oil) well, Wyo. 241-242. 

262 
Frontier formation (Wyo.) 238,246 

oil 237,246 

G. 

Gallcia (Austria) : 

ozokerite 10 

Gas : 

distillation from shale 151-153 

Gas, natural : 

accumulation, effect of faulting. 75 
Blackfeet Indian Reservation, 

Mont. (q. V.) 287-290 

Chouteau County, Mont 90-91 

Eagle sandstone 68,72-76 

Havre field, Mont. (q. v.) 60-67, 

68, 72-70 

Kevin, Mont 89-90 

Medicine Hat, Alberta 74 

Milk River valley, Mont 75-76 

Sweetwater Hills, Mont 88-89 

Bee aUo Oil and gas. 

Gllsonite : 

Dragon, Utah 100 

Glrty, G. H. : 

on fossils of Montana 219 

Goose Egg anticline, Wyo 264-266 

section, structural 265 

Gosling, B. B. : 

on origin of ozokerite 

Gralnola anticline, Okla .34 

Oraneros ihale (Wyo.) 238 

oil 237 

Great Falls, Mont. : 

Hound Creek dIstHct (q. v.)_ 215-231 
section, stratigraphic 58 

Green River, Wyo. : 

shale 108 

distillation 160 

sections 168-160 

Green River formation 3-4, 162 

analyses 161 

Colorado (q. v.) 130-100 

distillation 142 

maps In pocket. 

oil 130-140 

sections, stratigraphic 167-168, 

170-180; In pocket. 

stmctnre 189-191 

Utah 3-4, 152, 161, 180-100 

Wyoming (q. v.) 152, 161, 168-160. 101 
Bee also Oil shale. 

Guthery (oil) well, Wyo 240, 245 
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Havre field, Mont. : Page. 

Bearpaw shale 63,64,68,72 

Claggett Bhale 53, 67, 72 

Colorado shale 69 

Eagle sandstone 53,68-69,72-73 

gas 68, 72-76 

section, stratigraphic 69 

gas 66-67,68,72-76 

analysis 74 

geology 67-72 

Judith River formation 53, 

67-68, 72-73 

map, geologic 70 

sections, structure 70 

structure 69-72 

Havre Natural Gas Co.*s well, Mont. 73 

gas, analysis 74 

Hay Creek anticlines, Okla 8(V-87 

Heald. K. C. : 

Oil and gas geology, Foraker 

quadrangle, Okla 17-47 

work 235 

Hells Hole Canyon, Utah : 

Green River formation, sec- 
tion 185-186 

Higgins (ozokerite) shaft, Utah 16 

Holmes (oil) well, Wyo 241 

Hopkins, O. B. : 

Structure of Vicksburg-Jackson 

area. Miss 93-120 

Hound Creek district. Mont 215-217 

Carboniferous rocks 218-220 

coal 229-231 

quality 230-231 

section 229 

Colorado shale 222-223 

geology 217-228 

igneous rocks 223-225 

Jurassic rocks 220 

Kootenai formation 221-222 

Madison limestone 218 

map, jjeologic 216 

Morrison formation 220-221 

section, stratigraphic 221 

Quadrant formation 218-220 

fossils 219 

section, stratigraphic 219 

section 216 

structure 225-228 

Humphreys Petroleum Co.'s (oil) 

wells, Okla 128-129 

Hundred and One (101) Ranch Co.'s 

(oil) wells, Okla— 134,136 

I. 
Illinois : 

oil shale 314,319 

Indiana : 

New Albany shale 320-322 

oil shale 313-314,319-322 

analyses 323 

supply 322 

Iron Creek anticline, Wyo 265-266 

section, structural 266 



J. Page. 

Jackson, Miss.: 

sections, stratigrapbic 100, 106 

Jackson anticline. Miss 109-110 

oil 113-114 

Jackson area. See Vicksborg-Jack- 

son area. 
Jackson formation : 

Vicksburg-Jackson area. Miss 97, 

98-101 

sections, stratigraphic 100 

Judith River, Mont. : 

structure 85-86 

Judith River formation : 

Havre field. Mont— 53,67-68,72-73 
Jurassic rocks : 

Montana 220 

K. 

Kast, H., and Seidner, S. : 

on origin of ozokerite 9 

Kay, F. H. : 

work 139 

Kentucky : 

oil shale 314,319 

Kevin, Mont. : 

oil and gas 89-90 

section, stratigraphic 68, 90 

Kimball sand (Wyo.) 238 

oU 237 

Klmberly-Wlng Co.'8 well. Miss 119 

Kootenai formation : 

coal 229-231 

Montana 53, 

54, 55, 221-222, 285, 286-287 

map 64 

Kyune Canyon (ozokerite) claims, 

Utah 16 

L. 
Lee, Y. K. : 

work 143 

Lehner (coal) mine, Mont 208 

Lewlstown, Mont. : 

section, stratigraphic 58 

Linley conglomerate : 

Upper Stillwater Basin, Mont. 203-204 

Little Belt Mountains, Mont 225 

Livingston formation (Mont.) 201-20.'? 

coal 202, 206-207 

Lodge Creek, Mont. : 

structure 80-81 

Loffer (coal) mine, Mont 207-208 

coal, analysis 210 

Lone Tree dome, Okla 84 

M. 

Madison limestone : 

Montana 218 

Margaret Primeaux (oil) well, 

Okla 186-136 

Mary Hess (oil) well, Okla. : 

log 28 
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Massey, J. N. : Page, 

work 143 

MatBOD, G. C. : 

work 94, 95 

Medicine Hat, Alberta : 

gas 75 

analysis 76 

Meili fault, Mont 70-71 

Mid-Co Petroleum Co/s (oil) well» 

Okla 12»-129. 133 

Midnight (ozokerite) claim, Utah... 15 
Midwest Oil Co/s (oil) wells, Wyo.. 240, 

275-276 
Milk Biver, North Fork, Mont. : 

anticline 299-SOO 

Milk Biver anticline. Mont 294-297 

Milk River valley, Mont. : 

gas 75-76 

Miller (osokerlte) claim. Utah 15 

Miller (James) ranch well, Mont— 00, 305 
Mississippi : 

anticlines 112-114 

correlation 115-116 

oU and gas 93-94, 112-120 

section, stratlgraphlc 97 

stmcture 108-112 

Vicksburg-Jackson area (q. v.). 93-120 
Missouri River, Mont.: 

structure 84-85 

Monongahela Oil Co.*s (oil) well, 

Wyo 241, 245, 274 

Montana : 

Blackfeet Indian Reservation 

(q. V.) 281-305 

coal J 229, 281 

Colorado shale l 63-68, 

69, 88-91, 222- 
223, 285, 287-289 

Cretaceous rocks 53-64, 

66-60, 201-203 

section, stratigraphic 64 

Eagle sandstone-.- 53, 58-59, 201-203 

imis formation 219 

fossils 219 

geology 52-91. 200-205, 284-303 

Hayre field (q. v.) 66-76 

Hound Creek district (q. v.). 215-231 

Igneous rocks 62, 204 

Jurassic rocks 220 

Kootenai formation 53-55, 

221-222, 285. 286-287 

Madison limestone 218 

Morrison formation 220-221 

oil and gas 49-60, 

63-64, 66-91, 213-214 

Quadrant formation 218-220 

structure 63-66, 205, 291-303 

Tertiary rocks. 143-144,203-204,285 
Upper Stillwater Basin (q. v.). 199-214 
Bee also Montana, north central. 

Mcmtana. north central 50-61 

Bearpaw Mountains 65-88 

Blackfeet Indian Reservation 

(q. ▼.) 281-305 



Montana, north central — Contd. Page. 

Canada, correlation 61-62. 

282, 290-291 

Colorado shale 53,54, 

66-58, 69, 88-91, 285, 287-289 

map 64 

Cretaceous rocks 53-54, 

56-60, 285-290 

section, stratlgraphlc 64 

drilling, recognition of forma- 
tions 60-61 

Eagle sandstone 63,68-59 

gas 68, 72-74, 287-290 

geology 52-91, 285-^03 

glacial drift 60 

Havre field (q. v.) 66-76 

Kootenai formation 53, 64, 

• 66, 286, 286-287 

map 64 

maPf geologic 64 

maps 82, 88 

oil and gas 49-50, 

63-64, 66-91, 287-290 

map, geologic 64 

stratigraphy 52-60 

structure 63-66, 291-303 

TertUry rocks 143-144. 285 

Virgelle sandstone member 53, 54, 

68-59, 285, 289-290 

map 64 

wells 303-305 

Morris, Colo. : 

Green River formation, nection- 182 
Morrison formation : 

Montana 220-221 

section 221 

Wyoming 238, 244 

oil 243 

Mowry shale (Wyo.) 238,245 

oil 237, 238, 245-246 

Muddy sand (Wyo.) 238 

oU 237 

N. 

Neva anticline, Okla 36 

Nevada : 

oil shale, analysis 161 

distillation 15a 

Neva limestone : 

correlation 20-30 

Foraker quadrangle, Okla 23-24 

New Albany shale: 

analysis 323 

eastern United States 312 

Indiana 320-322 

Niobrara formation (Wyo.) 238 

oil 237 

North Bird Creek anticline, Okla 38-39 

North Casper Creek anticline, 

Wyo 274-275 

section, structural 274 

Northwestern Oil Co.'s (oil) well, 

Wyo 239, 260 
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Nye, Mont. : Page. 

coal 147-140, 211-212 

analyses 150 

O 
Ohio: 

oil shale 314-316, 310 

Ohio Oil Co.*s (oil) wells, Wyo 240-241, 

245, 253, 268 
Oil. See Shale oil; Oil shale; Oil 

and gas. 
Oil and gas: 

accumulations 41-45 

anticlines 120U128), 248-279 

BUlings, Okla. (q. v.) 121-188 

Blackfeet Indian Resenratlon 

(q. V.) 281-282,287-305 

Foraker quadrangle, Okla. 

(q. V.) 45-47 

Montana, north central (q. v.). 40-50, 

ea-^, 66-91, 

map, geologic 64 

sources. See Shale oil. 

Upper Stillwater Basin, Mont. 213-214 

Vlckshurg - Jackson area. Miss. 

(q. V.) 03-120 

Wyoming, central (q. y.) 233-270 

Bee also Gas ; Oil shale ; Shale oil. 

Oil Mountain anticline, Wyo 266-268 

sections, structural 267 

Oil shale 130-142,147-191 

ammonium sulphate. 151-154, 158-160 

analyses 161,322-324 

bihliography 101-198 

Colorado, northwestern (q. v.), 

130-142, 147-100 

distUlatlon 141-142, 

151-160, 318-320, 322 

by-products 142 

cost 322 

field apparatus 147-150 

▼lew 148 

methods 147-150 

resulU 151-161 

gas 151-153 

Indiana 313-314,310 

investigation 324 

Illinois 314,310 

Kentucky 314,301 

maps In pocket 

Nevada, distillation 152 

Ohio 314-315,310 

oil 130-140,151-158,320-322 

fractionation 156-158 

Pennsylvania 315-316, 310 

sampling, views 147 

sections 167-168, 170-180 

structure 180-101 

Tennessee 316-318, 310 

Utah. See Utah, northeastern, 
Qreen River formation. 

views 144, 146, 146, 147, 140 

West Virginia ._ 318,310 

Wyoming. See Wyoming, Green 

River formation. 
See also Green River formation ; 
Shale oil. 



Oklahoma : 

anticlines 8S-40. 126-128 

BUlings (q. v.) 121-188 

Foraker quadrangle (q. ▼.) 17-47 

oU and gas 46-47, 121, 120-132 

Ozokerite : 

Galicia (Austria) 10 

Imports 10-11 

Utah, central (q. v.) 1-2.4-16 

map 16 

P. 

Pearl River, Miss. : 

section, stratlgraphlc 104 

Peary sand (Wyo.) 238,246 

oil 237,246 

Pennsylvania : 

oil shale 315-316,310 

Philip (T. B.) (coal) mine, Mont.. 206 
Piceance Creek, Colo. : 

oil shale 165 

distlllaUon 168 

sections .. 167,177-178,180-181 

view 144 

Pikeville quadrangle, Tenn. : 

coal 307-310 

Pine dome, Wyo 26S-260 

section, structural 267 

Pine Dome Oil Co.'s (gas) well, 

Wyo 243,260 

Plain, Miss. : 

section, stratlgraphlc 104-106 

Pleasant Valley (osokerite) mine, 

Utah .^ 15 

Pole Gulch, Colo. : 

Green River formation, section. 181 
Ponca City field, Okla.: 

oil and gas 129 

Potato Creek anticline, Okla 88 



Q. 



Quadrant formation : 

fossils 219 

MtonUna 218-220 

section 219 



R. 



Rattlesnake anticline, Wyo 258-261 

oil 24^-248 

sections, structural . 257, 258 

Red Eagle limestone : 

Foraker quadrangle, Okla 24-25 

section 24 

Red Rock Coulee, Mont : 

structure 78 

Redwood, Boverton : 

on ozokerite 4,10 

Reeslde, J. B., jr. : 

work 236 

Ripley formation: 

oil and gas 116. 117 

Vicksburg-Jackson area. Miss 117 

Robinson, H. M. : 

Ozokerite in central Utah 1-16 

work 148 
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Rocky Mountains, Mont.: 
structure 



BullBon, Colo. : 

Green River formation, section. 



8. 



Page. 
66 

182 



Saddle Post Canyon, Utah : 

Green River formation, section. 184 

St. Clair, Stuart: 

work 236 

Schramm, E. F. : 

work 109 

Scotland : 

oilsbale distillation 141 

by-products 142, 159 

Seidner, S. Bee Kast and Seidner. 
Selma chalk : 

VIcksburg-Jackson area, Miss — 117 

Shale, black : 

analyses 322-524 

distillation 31ft-320 

eastern United States 311-327 

oil 311. 320-322 

Shale oil 141,161-158 

Colorado, northwestern 

(q. V.) 139-142,147-168 

fractionation 156-168 

sources 141 

supply (Indiana) 322 

Utah, northeastern (q. v.)— 152,161 

Wyoming (q. v.) 152, 161 

Bee aUo Oil shale. 

Shannon sandstone (Wyo.) 238 

oil 237 

Sheep Mountain anticline, Wyo.. 250-251 
section, structural 261 

Signal Butte, Mont: 

structure 76-77 

Smith, C. D. Bee Taff and Smith. 
Soldier Summit (osokerite) mine, 

Utah 13 

South Fork anticline, Mont 297-298 

Stanton, T. W. : 

on fossils from Montana 220 

Stebinger, Eugene: 

Anticlines in Blackfeet Indian 

Reservation, Mont.. 281-306 
Oil and gas in north-central 

Montana 49-91 

Steele shale (Wyo.) 288 

oil 237 

Stillwater Basin. See Upper Still- 
water Basin. 
Structural terraces 293, 301-302 

Two Medicine Creek, Mont 301 

Sundance formation (Wyo.) 238,244 

oil - 243 

Sweetgrass arch, Mont 64-65 

Sweetgrass Hills, Mont. : 

oil and gas 88-89 

section, stratigraphic 58,89 

Sweetwater anticline, Wyo 249-250 



T. Page. 

Taff, J. A., and Smith, C. D. : 

on osokerite 8, 11, 12, 13, 16 

Teapot sandstone member (Wyo.) 238, 

246-247 

oil — 247 

Tennessee : 

oil shale 316-318,319 

Pikeville quadrangle, coal 807-310 

map 310 

Tensleep sandstone (Wyo.) 238 

oil 248 

Tertiary rocks: 

coal 203 

Upper Stillwater Basiq, Mont. 203-204 
Thermopolis sliale (Wyo.) 238 

oil 237 

Toltec Oil Co.*s (oil) welU Wyo 242. 

246, 271 
Torchlight sand (Wyo.) 238,246 

oil 237, 246 

Town (osokerite) mine, Utah 14-16 

Two Medicine Creek, Mont. : 

anticline 299 

structural terrace 301 



U. 



Uinta Basin, Colo., Utah: 

structure 189-190 

U. S. (ozokerite) prospect, Utah... 12-18 

Upper Stillwater Basin, Mont 199-200 

coal 202, 206, 213 

analyses 209-212 

character 212 

development 212-218 

Cretaceous rocks 201-208 

Eagle sandstone 201-203 

coal 202, 207-209 

analyses 210 

Fort Union formation 213 

coal 203, 206-206 

geology 200-206 

igneous rocks 204 

Linley conglomerate 203-204 

Livingston formation 201-203 

coal 202,200-207 

map 200 

nuiPt geologic 202 

oil 213-214 

section, stratigraphic 201 

structure 206 

Tertiary rocks 203-204 

Utah, central : 

fossils 3 

geology 2-4 

Green River formation 3-4 

osokerite 1-16 

character 4-8 

map 16 

origin 9-10 

production 11 

teats 6-8 

uses 11 

Wasatch formation • 8 



332 



INDBX. 



P«Lge. 

Utah, northeastern 144-146 

gilBonite - 190 

Green River formation (oil 

shale), analysis 101 

distillation 152 

map In pocket. 

sections 183-186, in pocket. 

views 144,146 

structure 189-190 



V. 



Vickshnrg-Jaekson area. Miss 93-96 

Catahoula sandstone 97, 105-106 

sections 105, 106 

Claiborne group 97,98,116 

correlation 115-116 

Butaw formation 117 

oil and gas 116, 117 

faults 111-112 

geology 97-112 

Jackson fdrmation 97, 98-10i 

sections, stratigraphic 100 

map IiV^ pocket. 

oil Bnd gas 93-94, 112-120 

Ripley formation 117 

oil and gas 116, 117 

section, stratigraphic 97 

Selma chalk 117 

Atnieture 108-112 

Vlcksburg limestone 97, 101-105 

contour map In pocket. 

sections, stratigraphic 100-105 

Wilcox Kroup 110 

oil and gas 110 

Vicksburg limestone : 

Vicksburg-Jackson area. Miss 97, 

101-105 

contour map In pocket. 

sections 100-105 

Vicksburg monocline. Miss 110-111 

oil 114 

Virgelle, Mont. : 

structure 82-83 

Virgelle sandstone member: 

correlation 291 

Montana 53, 54, 58-59, 280-291 

map . 64 



W. 



Wallace Creek dome, Wyo 261-262 

Wall Creek sandstone (Wyo.). 238,246,270 
oil 237, 246, 257 

Wamsley Creek anticline, Okla 37-38 

Wasatch formation : 

Utah 3 

Wyoming 238 

oil 237 

Watchorn & Fortuna Oil Co.'s (oil) 

well, Okla 129,134 

Western States Oil Co.*s (oil) wells, 

Wjo 241,25a 

^oaebud Creek, Mont. : 
r 20tt 



West Virginia : 

oU shale 318,819 

White, David: 

work 148 

White Mountain, Wyo. : 

Green River formation, sec- 
tion 188-189 

White River, Colo. : 

Green River formation, see- 

tions 172-178. 178-179 

White River formation (Wyo.) __ 238,247 

oil 237-238, 247-248 

Wilcox group: 

Vicksburg- Jaclcson area. Miss 116 

Willow Creek. Mont.: 

anticline 3(X)-301 

Wilson. W. B. : 

work 148 

Winchester, D. B. : 

Oil shale in northwestern Colo- 
rado, etc 139-198 

work 139-140, Sl9 

Wind River formation (Wyo.) 238,247 

oil 247 

Wolf (H. F.) (oil) well, Okla 187 

Woodruff, B. G. : 

on Fort Union formation 208 

work 139, 140. 142, 147, 166 

Wreford limestone: 

Foraker quadrangle, Okla 21-22 

section 22 

Wyoming, See Wyoming, central ; 
Wyoming, northwest- 
ern. 

Wyoming, central 233-236 

anticlines 248-279 

map 278 

Aspen shale, oil 237 

Bear River formation, oil 2.37 

Cambrian rocks, oil 242 

Chugwater formation 243-244 

oil 237,243 

Cloverly sandstone, oil 237, 244 

Cretaceous rocks, oil 237-238 

Dakota sandstone 244, 246 

oil 244 

Embar formation 243 

oil 238.243 

Frontier formation 246 

oil 237,246 

geology 242-248 
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